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INTRODUCTION AND STATEMENT OF THE PROBLEM 
Almost eighty years have lapsed between Haberlandt's 1902 prophetic 
dictum that "one could successfully grow artificial embryos from vegeta­
tive cells" of higher plants (Krlkorlan and Berquam, 1969). Since that 
time plant tissue cultures have become objects of great Interest In rela­
tion to agronomlcally Important plants. This Interest Is apparent In 
the number of reviews which have appeared In recent years (e.g., Bottlno, 
1975; Bhojwanl et al., 1977; Klelnhoff and Behkl, 1977; Thomas, et al., 
1979). Only within the last two decades have culture techniques devel­
oped to the point where the tissues and cells of many plants can be main­
tained ia vitro. The development of methodology necessary for culturlng 
single plant cells has led to the exciting prospect of being able to 
manipulate plant genetics at a similar level to that which has been so 
effectively developed for microbial genetics. The ability to start with 
single somatic cells, or cultured cells, or protoplasts, or microspores, 
each type growing under defined conditions and progressing to a genet­
ically altered plant has been demonstrated in very few species (Carlson 
et al., 1972; Melchers et al., 1978). In order for these techniques 
to find practical application in crop improvement, where genetic manipu­
lation and plant selection are required, it will be necessary to better 
define the conditions that will allow cell cultures to undergo morpho­
genesis to reform complete plants. 
The concept of pluripotency arose from studies on animal embryology 
and was used to describe the multiple potency of the parts of the early 
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egg cell or embryo (Needham, 1942). Plurlpotency was linked to deter­
mination, i.e., groups of cells were plurlpotent during the early stages 
of development, but at later stages determining factors or organizers 
set the destiny of the cells. This historical animal-oriented concept 
of the term pluripotency led botanists to adopt a different term, toti-
potency. This word is used to express the concept that any somatic 
plant cell, in which irreversible differentiation has not proceeded, 
under the influence of the appropriate stimuli, could regain the ability 
to develop like a zygote (Steward and Mohan Ram, 1961). These early 
authors also suggested that differentiation in plants was a reversible 
process, provided it did not proceed to the point of nuclear breakdown 
and thus to the loss of genomic components. Thus, a tissue is arbitrar­
ily defined as being totipotent if it has been shown that information 
which is necessary to specify a whole plant is carried along as the 
tissue or cells grow by cell division and expansion. 
The complexity of the problem relating to regenerating plant cells 
into whole plants should not be underestimated. Studies dealing with 
plant regeneration from cultured tissue only hint at some of the many 
factors involved. Often information gained from one plant system, such 
as the Solanaceae which readily regenerate vitro and thus serve as 
models for plant regeneration studies, is ineffective when applied to 
other plant systems. However, througjh these models past research has 
revealed some of the many factors that may be involved in plant regenera­
tion from cultured tissues or cells. 
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One Important facet to consider Is stated in the theory of organo­
genesis proposed by Relnert in 1973. According to this theory minimal 
quantitative changes in the ratio of certain growth medium components 
are decisive and determine whether organs are initiated or not. In this 
study certain physical and chemical parameters of the tissue culture 
environment were altered in an attempt to assess their Impact on subse­
quent growth and differentiation of com and soybean tissue expiants. 
Some varieties within species of cultivated plants have been shown 
to be more capable of organogenesis and morphogenesis in culture than 
others (Evans et al., 1977; Green, 1978). It seems imperative therefore, 
to survey the growth response of a number of genotypes with particular 
emphasis on those varieties that have demonstrated some degree or organ­
ized growth in culture. 
Other factors which appear to Influence the growth response of plant 
tissue in culture are the developmental age (embiryonic or mature) and 
physical condition of the parent plant, the tissue origin (merlstematic 
or nonmeristematic), and the type (primary or secondary) of the expiant 
(Green et al., 1974; Green and Phillips, 1975; Evans et al., 1977). A 
complete study of plant tissue growth in vitro therefore should include 
a survey of tissue expiants from a variety of sources. However, due to 
the limited time and space Imposed upon this study, particular interest 
was concentrated upon varieties and tissues of com and soybean that have 
been shown to undergo some degree of in vitro organogenesis. 
Although much attention has been addressed to the problem of ^  
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vitro differentiation of com and soybeans over the past years, little 
actual progress has been forthcoming. The full potential of plant tis­
sue culture will be realized for these Important field crops only when 
totipotent cells, capable of complete plant morphogenesis, can be propa­
gated In vitro. The first step will be to better define the conditions 
necessary to bring about organogenesis of tissue expiants In culture. 
Once this is accomplished, the same tissue may yield cells or proto­
plasts which are capable of being propagated as differentiating tissues. 
In the case of Zea mays, the acquisition of callus cultures consist­
ing of an unorganized, more-or-less uniform population of cells may not 
be possible. The typical response of expiants grown on induction medium 
is to form aberrant root-like structures (Mbtt and Cure, 1977). Plantlet 
development can be accomplished only by subjecting embryonic scutellar 
tissue derived from specific genotype to growth medium containing control­
led amounts of growth regulator (Green and Phillips, 1975). Presently, 
there is a question as to whether this is a case of plantlet differentia­
tion from totipotent cells, or if the primary expiant contains preformed 
units which express themselves by segregating during subculture (Springer 
et al., 1979). 
There are also reports of limited regeneration and organogenesis 
taking place in cultures of soybean tissue (Kimball and Bingham, 1973; 
Evans et al., 1977; Zleg and Outka, 1980). There are no reports, however, 
defining the conditions necessary to bring about controlled morphogenesis 
of soybean tissue maintained ^  vitro. 
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In this study, fragmentary knowledge of the conditions necessary for 
the regeneration of plant structures In these and other systems will be 
applied to primary cultures of com and soybean tissue. Throu^ these 
Investigations the conditions necessary for the Inclusion of plant regen­
eration In tissue cultures of these important crop plants may be defined. 
If this can be achieved, single cell and protoplast Isolation attempts 
can be made using culture systems capable of iA vitro morphogenesis. 
Plant cell culture technology has only recently been extended to 
the isolation, culture and use of plant protoplasts (Cocking, 1972). A 
protoplast is that portion of the plant cell remaining after the cell 
wall has been removed by enzymatic or physical means (Cocking, 1972). 
Under the proper conditions the naked protoplasts will regenerate new 
cell walls and revert back to the condition of normal cultured plant 
cells. In most cases they exhibit all the characteristic properties of 
the original cell culture including cell division and totipotency (Vasll 
and Vasll, 1980). Protoplasts over these past years have become power­
ful experimental plant cell systems. The cell membrane being fully 
exposed is the only barrier between the exterior and interior of the 
cell. This property has given protoplasts a potential for use in studies 
of cell wall regeneration (Klein and Delmer, 1979), physiology (Cocking, 
1972), plant cell structure (Fowke et al., 1972), virology (Takebe, 
1973), surface membrane properties (Ruesink, 1971), plant breeding 
(Takebe et al., 1971) and protoplast fusion studies (Power et al., 1970). 
Enzymatic isolation of protoplasts depends on the incubation of 
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plant tissue or cells in mixtures of enzymes usually derived from patho­
genic microbes. Protoplasts released from the cell wall are fragile and 
their continued survival depends on subsequent careful handling. Cell 
wall regeneration and resumption of cell division also depend upon opti­
mal isolation and culture conditions. 
Protoplasts of many plants have been isolated, cultured, and In a 
few cases have undergone regeneration to whole plants. However, isola­
tion and culture of cereal and legume protoplasts, the most Important 
for man, have proven most difficult. The techniques of somatic hybridi­
zation and genetic modification by uptake of plasmids, DNA, and cell 
organelles can not be applied to these Important crops until we are able 
to regenerate plants from protoplasts. 
While many attempts have been made to culture protoplasts from mono-
cotyledonous plants, few have been successful. In the past, maize proto­
plasts have been isolated from a variety of tissue sources (leaves, 
roots, and stems). For the most part these protoplasts have been found 
to be recalcitrant to an exposure to a wide variety of culture conditions 
and methods (Potrykus et al., 1976). Com protoplasts Isolated from a 
stem tissue culture of a specific com strain, have been maintained in 
culture to the callus stage (Potrykus et al. 1979). So far, plantlets 
have not been regenerated from this material. However, recently, Vasll 
and Vasil (1980) were able to regenerate plants from Pennlsetum proto­
plasts. This lends encouragement to the possibility that perhaps cereal 
protoplasts are no different from other species and can express full 
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totipotency and/or embryogenesls in culture. 
One of the purposes of this investigation was to subject vigorously 
growing tissues from com plants at various stages of development to 
protoplast isolation procedures in an attempt to assess which stages 
hold the most potential for recovery and regeneration. 
With soybeans, the protoplast problem is similar in nature. An 
abundance of protoplasts can be readily obtained from established callus 
and cell suspension cultures (Kao et al., 1970). Since these cultures are 
maintained under artificial conditions, they show considerable variation 
and appear to be incapable of organized tissue growth. Protoplasts 
isolated from these cultures readily reform cell walls and divide to 
form callus and suspensions similar to the parent culture. 
Leaf mesophyll has been used extensively as a source of uniform 
protoplasts. However, it has not been possible to isolate protoplasts 
directly from the leaf tissue of soybean by any of the conventional 
enzymatic treatments. In this investigation, an attempt was made to 
better understand the soybean leaf cell wall structure by means of var­
ious chemical extractions followed by more conventional enzymatic diges­
tions. 
In order to find a suitable alternative source of soybean proto­
plasts, tissues from plant organs other than leaves were subjected to a 
variety of enzymatic treatments. Special emphasis was taken with tissues 
that demonstrated some degree of organogenesis in culture. 
The problem of obtaining protoplasts directly from soybean leaf tis­
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sue prompted a closer look at the possibility of obtaining culturable 
intact cells from this source. While many studies have employed intact 
leaf mesophyll cells in suspension, they have been short-term studies 
not requiring prolonged maintenance or subsequent cultivation. 
Soybean leaf tissue is particularly amenable to studies involving 
the isolation of Intact cells (Racusen and Aronoff, 1953; Servaites and 
Ogren, 1977b; Oliver et al., 1979). Since leaf tissue has been shown to 
undergo rhlzogenesls under certain culture conditions by Evans et al. 
(1977),it would be particularly Interesting to determine if the separated 
cells retain this capacity upon regeneration. 
In pursuing the study of the cultivation of intact leaf cells, It 
seems likely that both mechanical and enzymatic isolation procedures 
should be applied. When viable cells are obtained, attempts can be made 
to maintain them by proven culture techniques. 
The subject of this investigation is quite broad in scope and 
involves the application of established and novel ^  vitro cultivation 
techniques to both com and soybeans. The purpose of this study was to 
better define growing conditions of com and soybeans tissues, cells and 
protoplasts. This Includes: 1) an attempt to define, isolate and main­
tain totipotent tissues from both com and soybeans; 2) to further 
explore the inductive conditions necessary to permit morphogenesis of 
these tissues; 3) to evolve improved capabilities necessary for the iso­
lation, maintenance, growth and organogenesis of com and soybean proto­
plasts; and finally, 4) to Improve the separation, growth, and organogene-
sis of intact single soybean leaf cells in culture. 
Since the area of differentiation and morphogenesis in plant tis­
sue culture is extremely complex and rapidly developing, many signifi­
cant reports have come into being after the work in this thesis was well 
underway or completed. The reader must bear in mind that the experi­
ments presented were designed on the basis of the information available 
at the time of conception. The results will be discussed more fully in 
light of current knowledge in the discussion and conclusion sections. 
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LITERATURE REVIEW 
Development and Regeneration of Maize Cultures 
Although a wide variety of dicotyledonous plant tissues have been 
the subject of many In vitro growth studies, work with tissue and cell 
cultures of monocotyledonous plants has been slow to develop. Successful 
tissue culture using monocot expiants was not accomplished until nearly 
thirty years after the first success with dlcots. The primary reason 
for this lag is that throughout the history of in vitro plant culture, 
the monocots have been recalcitrant to the available culture techniques 
that were developed around dlcot culture. Tissue culture of monocots are 
now successful for a number of species. These Include non-cereals; 
asparagus (Loo, 1946; Galston, 1948), lily (Sheridan, 1968), sugar cane 
(Nlckell and Maretzkl, 1970), brome grass (Gamborg et al., 1970), onion 
(Frldborg, 1971), orchids (Churchill et al., 1973) and garlic (Havranek 
and Novak, 1973). 
Most of the effort, however, has been directed to the vitro 
cultivation of the cereals. The earliest work centered on maize endo­
sperm culture. In 1949,LaRue Isolated a growing endosperm tissue of 
unidentified genotype. This culture exhibited unlimited growth if main­
tained on a mineral salt medium supplemented with sucrose and yeast 
extract (Straus and LaRue, 1954). Stemheimer (1954) demonstrated that 
endosperm from developing kernels 10 to 12 days postpolllnatlon could be 
maintained on White's medium (White, 1963) supplemented with tomato juice. 
The Impact of age on subsequent culturabllity of endosperm tissue was 
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first reported by Tamaokl and Ullstrup in 1958. These workers found that 
endosperm from kernels 10 to 12 days postpolllnatlon grew optimally. 
There was a marked decrease In ability to grow in expiants taken from 
older endosperm. 
Continued investigations into the cultural requirements of endosperm 
cultures led Straus (1960) to conclude that supplements such as tomato 
juice and yeast extract were present only to supply nitrogen in the form 
of amino acids. With this knowledge, he was able to develop a synthetic 
mineral medium containing vitamins and asparagine. Mascarenhas et al. 
(1965) cultured com callus derived from stems and roots on White's 
medium to which coconut milk and corn steep liquor was added. They later 
were able to use a chemically defined medium containing NÂÂ (a-naphtha-
lene acetic acid) (Mascarenhas et al., 1969; Hendre et al., 1972). Later, 
however, growth regulators such as NAÂ, IAÂ (Indoleacetlc acid), 2,4-D 
(2,4-dlchlorophenoxyacetic acid), kinetin and glbberellic acid were found 
to be unnecessary in initiation and maintenance of endosperm cultures. 
Indeed, as early as 1958, Tamaokl and Ullstrup reported that small anmunts 
of NAÂ and 2,4-D actually inhibited the growth of endosperm cultures. 
Closer examination of LaRue's (1949) original clonal (1-c) endosperm 
isolate showed that the callus tissue contained about 1 mg of lAA/kg 
fresh weight (Stowe et al., 1956) . Such a high hormone value suggested 
that these endosperm cultures synthesized sufficient auxin and perhaps 
other growth regulators to maintain continued growth as callus without 
external supplementation (Green, 1978). 
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The Importance of genetic control over callus formation from endo­
sperm in culture has been demonstrated by a number of investigators. 
Straus and LaRue (1954) tested the in vitro growth of endosperm tissue of 
15 maize genotypes, including wx (waxy), ^ u (starchy), and su (sugary) 
types. They found that 12-day postpollination endosperm tissue from two 
sugary lines (Suprise and Black Mexican Sweet) could be easily main­
tained in culture. Tamaoki and Ullstrup (1958) found similar results in 
that 8-11 day postpollination endosperm from four sugary types could be 
grown as callus for extended periods of time, although endosperm callus 
initiated from starchy and waxy genotypes died after a brief culture 
period. Tabata and Motoyoshi (1965) observed that only endosperm from 9-
day postpollination endosperm from the starchy inbreds S41 and S42 estab­
lished callus cultures. Endosperm from F1 kernels resulting from 
reciprocal crosses produced callus that grew better in culture than either 
of the inbreds. Attempts to culture endosperm from waxy inbred S43 and 
the sugary inbred S44 failed. Since callus cultures could be initiated 
from starchy as well as from sugary inbreds these findings suggest that 
the type of endosperm was not as important for callus growth as were 
other genetic factors. The work of Sun and Ullstrup (1971) further 
supported this hypothesis in that endosperm tissue from an inbred sugary 
line (P14susu) produced a rapidly growing callus. When another inbred 
W64Â and four of its near Isogenic relatives were selfed and reciprocally 
crossed with F14susu hybrid combinations, there was a significant effect 
on the in vitro endosperm growth. With only one exception, the degree of 
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callus Initiation and growth was directly proportional to the dosage of 
the P14 genome in the hybrid. In 1973, Shannon and Batey reemphasized 
the Importance of testing several different Inbreds or hybrids when 
attempting to establish dba vitro cultures of com endosperm. Of 23 endo­
sperm expiants taken from starchy Inbred, hybrid, and endosperm mutant 
lines, only two starchy inbreds, two hybrids and three mutants could be 
actively maintained in culture for two years. The other lines produced 
only limited or no growth upon transfer. 
Even though no differentiation of plant structure other than the 
appearance of an occasional root has been described for any of these 
endosperm cultures, two basic patterns began to emerge from these early 
studies of growth of maize tissue in vitro. First, growth regulatory 
substances are often produced by the growing tissue. In light of the 
fact that each growth regulator added exogenously must act in conjunction 
with varying amounts of endogenously produced hormones, experimental 
design becomes very complex. Secondly, the developmental stage and 
genetic background of the tissue explanted have a marked Influence on 
subsequent In vitro growth. 
Unlike endosperm tissue, cultures originating from somatic tissues 
were not successfully established until quite recently. In 1940, 
Mc Clary carried out in vitro growth studies on excised roots of hybrid 
com. This organ went through 18 successive passages on a medium con­
taining mineral salts and sugar. However, Bonner and Bonner (194# and 
Bobbins (1951) failed to confirm these results. LaRue in 1952 described 
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the growth of maize scutellum in culture. These cultures did not differ­
entiate, but some of them formed papillate or callus-like outgrowths. 
Tamaoki and Ullstrup (1958) were unable to initiate callus growth from 
node, intemode and intercalary meristem expiants placed on a variety of 
culture media. Sustained callus cultures derived from diploid tissue of 
Golden Bantam sweet com were first reported by Mascarenhas et al. 
(1965). Roots and stem sections were taken from aceptically grown 7-8 day 
seedlings. Callus growth was produced by explanted root. This tissue was 
maintained for 15 months on White's medium containing NAA and S-diphenyl 
urea, or NAA, coconut milk, and com steep liquor. A mixture of callus 
growth and adventitious roots was obtained upon further growth and sub­
culture. Burr and Nelson (1972) were successful in initiating cultures 
from expiants of the mesocotyl region of germinating whole kernels. These 
cultures were started on Hurashige-Skoog (1962) medium containing a rela­
tively high level of 2,4-D. One inbred, A632, was found to grow especially 
well under these conditions. Mesocotyl tissue was also used by Pearson 
and Homer (1976) to establish callus cultures of selected lines of com. 
These workers used a modification of a medium developed by Murashige and 
Skoog (1962) supplemented with both kinetin and 2,4-D. Undifferentiated 
calli, as well as calli with roots and green protuberances, were produced 
from both the normal and Texas male-sterile lines. However, there have 
been several reports that com callus cultures maintained on media con­
taining 2,4-D do not require additional cytokinins for growth. In these 
cases, where no cytokinetin was used, the 2,4-D could not be effectively 
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replaced by the addition of IÀÂ or NAA (Green et al., 1974; Sheridan, 
1975). 
The organogenesis of leaves, roots, and eventually the regeneration 
of whole plants from cultured monocotyledonous tissue have always been of 
primary interest. Various degrees of morphogenesis has been observed 
In cultures of the following monocots; asparagus (Galston, 1948), Illy 
(Sheridan, 1968), gladiolus (Zlv et al., 1969), garlic (Havranek and 
Novak, 1973), sugar cane (Barba and Nlckell, 1969) and brome grass 
(Gamborg et al., 1970). These studies uniformly show that differentiation 
of roots and shoots could be Induced by the reduction or omission of 
auxin from the growth medium. 
Similar results have been obtained with cultures of cereal tissue. 
Carter et al. (1967) reported that oat callus cultures could be Induced 
to form shoots and roots. If they were passed to auxin-free medium. 
Shlmada et al. (1969) confirmed these observations In finding that con­
stant root Initiation accompanied by an occasional shoot occurred In 
wheat callus tissue grown on medium containing low concentrations of 
auxin. Nlshl et al. (1968) observed the successful regeneration of rice 
plants from calll derived from root expiants. The callus tissue when 
transferred to a medium deficient In auxin redlfferentlated to form both 
roots and shoots, and subsequently whole plants. These workers specu­
lated that auxin Is one of the most significant regulators for differen­
tiation and redlfferentlatlon in monocotyledon plants. Further evidence 
that auxin plays a significant role in cereal culture morphogenesis was 
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noted by Ragan in 1974. Bud formation was evident a few weeks after 
cultures of millet tissue were passed to a medium devoid of auxin. 
Unfortunately, the picture for com Is not as simple. Gresshoff and 
Doy (1973) were able to establish a diploid callus line from the smashed 
embryos of Zea mays on a fully defined medium. Extensive rooting occurred 
following transfer of callus from the "callus supporting" medium, with a 
high auxin to cytoklnln ratio, to a medium which contained a more 
balanced auxin to cytoklnln ratio. Green et al. (1974) also observed 
that callus derived from epidermal and parenchymal tissue of the first 
seedling node of com, would turn green and become rhlzogenlc If It was 
maintained In a medium with a reduced concentration of 2,4-D. 
A novel approach of using scutellar tissue was developed by Green and 
Phillips in 1975. Cultures capable of differentiating were Initiated 
from Inbred A188 at all embryo ages tested. Similar tissue taken from 
Inbred Â632 failed to form plantlets regardless of embryo age. This 
study, once again, supports the hypothesis that the In vitro growth 
response of different genotypes varies considerably. In all cases plant 
regeneration was Initiated by first lowering and then completely deleting 
2,4-D from the culture medium. Implications were made by Green and 
Phillips (1975) that the embryonic scutellum was the origin of totipotent 
centers of differentiation. However, there remains some question as to 
whether this type of culture Is truly totipotent as defined In the Intro­
duction. 
Springer et al. (1979) examined thick sections from Initiating cul­
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tures of embryonic scutellar tissue and found that the scutellum was 
actually the origin of the differentiating callus. The scutellum formed 
a cambial zone which provided for extended In vitro proliferation. The 
apical merlstems appeared to arise ^  novo at the tissue surface and 
could be followed to the two leaf prlmordla stage. The authors suggested 
that this type of tissue culture Is not a callus In the true sense, but 
rather consists of the generation and propagation of organized sets of 
tissue. 
In an early anatomical study of hybrid maize cultures, Mott and Cure 
(1977) agreed that the growth of these cultures was not a true callus, 
but had an aberrant root-like nature. This form of growth was found to 
persist in subculture over a wide range of growth regulator concentra­
tions. A follow-up study (Cure and Mott, 1978) confirmed that five 
cereals, including Zea mays L. (Pioneer hybrid 3369A) proliferated in 
culture through this aberrant root-like mechanism. In the hands of these 
investigators hybrid maize and wheat initiated no shoot merlstems, but 
produced only roots. The authors proposed that the incidence of shoot 
regeneration in cereal tissue culture is more directly related to adven­
titious bud formation on roots than to controlled de novo organogenesis. 
Freeling et al. (1976) describe the three following types of maize 
tissue culture. 1) A totipotent, morphologically complex tissue capable 
of regenerating hundreds of fertile plants. 2) Class I callus which is 
parenchymatous, non-friable, and nodular in nature, and forms roots, 
chlorophyll, and an assorted array of monstrous organs. 3) Class II 
18 
callus is friable, composed mainly of tracheary elements, and does not 
have alternate cell types. These authors Interpret class I callus to be 
a homolog of a terminal root merlstem and class II callus homologous to 
a lateral merlstem. 
Com plantlets have also been regenerated from callus cultures derived 
from the mesocotyl region of four day seedlings of 'prior' (Harms et al., 
1976). Shoot induction was obtained by passing "callus" tissue, which 
had been induced and subcultured on medium containing relatively high 
2,4-D levels, to medium containing lower levels of 2,4-D and finally to 
auxin free medium. Recently, Tome et al. (1980) were able to regenerate 
plantlets from callus cultures that had been established from mesocotyl 
tissue taken from immature embryos of an experimental hybrid Homozygous 
floury-2. Regeneration of complete plants from these "callus" cultures 
was accomplished by subculturing the tissue on a medium containing low 
amounts of 2,4-D and NAÂ, and then passing them to a medium containing 
NAA without the 2,4-D, 
In evaluating these reports where embryonic mesocotyl tissue was used, 
the basic question of the exact origin of the regenerating center still 
remains. Are the regenerating shoots forming from totipotent units 
developing within the cultured tissue or are they a result of continued 
growth of the original embryo? 
In vitro Growth and Regeneration of Soybeans 
The first successful attempt at growing a legume under artificial 
conditions was reported by Nickell in 1956, In which a hypocotyl expiant 
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from a pole bean was used. Since that time, cell suspension and callus 
cultures have been reported for many legumes including garden, field 
crop, and forage species. Some examples are as follows: Phaseolus 
vulgaris (Llau and Boll, 1970; Amison and Boll, 1974), Pisum sativum 
(Hildebrandt et al., 1963), Vicia faba (Grant and Fuller, 1968), Glycine 
max (Gamborg et al., 1968), Melilotus alba (Taira et al., 1977), and 
Trisolium repens (Oswald et al., 1977). 
The in vitro morphogenesis of seed legumes is, at present, just as 
difficult to initiate as with the Gramineae. There have not been many 
reports of shoot morphogenesis or embryogenesis in any of the legumes. 
A few species where some degree of successful morphogenesis has been 
obtained in vitro include: Medicago sativa (Saunders and Bingham, 1972), 
Pisum sativum (Kartha et al., 1974b). Cajanus cajan (Rao and Narayanaswamy, 
1975), Phaseolus vulgaris (Crocomo et al., 1976), Trlfolium repens 
(Oswald et al., 1977), and Trifolium pratense (Phillips and Collins, 
1979). 
Soybean tissue cultures have been maintained and used for chemical 
and growth studies for a number of years (Blaydes, 1966; Gamborg and 
Finlayson, 1969; LaRue and Gamborg, 1971). For example, many bioassays 
of naturally occurring and synthetic cytokinins are based on the ^  vitro 
growth of soybean callus derived from cotyledonous tissue (Miller, 1965). 
The continued growth of these tissues was found to be dependent on kin-
etins or other similarly active 6-substituted aminopurines. Miller (1967) 
also found that auxins such as lAA or NAA do not elicit significant callus 
20 
proliferation In the absence of a cytoklnln. In the case of soybean 
callus, the type of auxin used appears to have a marked effect on the 
cytokinln-auxin mediated growth response. For example, adenine exhibits 
slight cytoklnln activity, no activity, or may even inhibit callus growth 
when supplied in combination with IÂÂ. If NAÂ is substituted for lAA, 
the presence of adenine will stimulate callus growth (Miller, 1967). 
This suggests that an auxin even more efficient than NAÂ might stimulate 
callus growth in the absence of added cytoklnln. In 1968, Witham reported 
that 2,4-D (2,4-Dichlorophenoxyacetic acid) could support the growth of 
soybean callus cultures without the presence of cytoklnln, but the addi­
tion of klnetln stimulated the growth to higher levels than did the 
2,4-D alone. When the 2,4-D concentration was high, the klnetln depressed 
callus growth. The growth of soybean root cell suspension cultures was 
also found to be stimulated by 2,4-D (Gamborg and Ojima, 1968). 
As with com, soybeans are conspicuously missing from the list of 
plants that can be easily regenerated from in vitro cultures. Quantita­
tive Interactions between growth regulators have been shown to be highly 
significant in plant morphogenesis of dlcots (Relnert, 1973). This was 
first reported by Skoog and Miller (1957) who demonstrated that organo­
genesis in tobacco tissue culture was controlled by the relative levels 
of auxin and cytoklnln in the medium. Early work with soybean tissue in 
culture strongly indicated that it too may follow this pattern. 
Torrey (1968) reported that klnetln promoted tracheary element forma­
tion in suspension cultures of soybean. This type of tissue has become 
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useful in the Investigation of the relationship between cytoklnln, cell 
division, and xylem differentiation. A year later, Fosket and Torrey 
(1969) found that neither auxin nor klnetln alone was effective In 
Initiating tracheary element differentiation In Blloxl callus tissue. An 
effective level of both growth regulators was required for the formation 
of tracheary elements. However, 2,4-D at a relatively low level promoted 
both cell proliferation and tracheary element formation In the absence of 
an exogenous supply of cytoklnln. 
Kimball and Bingham (1973) report that hypocotyl sections when cul­
tured on media containing IÂA and either coconut milk or klnetln formed 
little or no callus. Instead,they enlarged slightly and produced roots 
or shoots. Roots frequently formed on sections that had formed differen­
tiated shoots, but shoots seldom formed on rooted sections. This obser­
vation of adventitious bud formation on hypocotyl sections has been con­
firmed by Thomas and Wernicke (1978). However, closer examination 
revealed that shoots arose from minute shoot buds which were present In 
the axils of cotyledons. In a paper entitled "Callus and Plantlet Regen­
eration from Cell Cultures of Ladlno Clover and Soybeans",Oswald et al. 
(1977) completely fall to convincingly describe how they were able to 
regenerate plantlets from cell cultures originated from center sections 
of soybean cotyledons. However, an examination of the components of 
various tissue culture media, led Evans et al. (1977) to the development 
of a high rooting medium (HEM) which consistently resulted In more than 
90% rooting in leaf expiants. "Embryo-like" structures were observed 
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when the explants were pre-washed in Glbberelllc acid (6Â-3) or If GAg 
was added to HSM. These Investigators, however, were not able to define 
the growth conditions necessary for the induction of true soybean embryo-
genesis. Beversdorf and Bingham (1977) also reported that organized 
structures developed on callus tissue and in cell suspension cultures 
originating from hypocotyl regions of young embryos. These growth centers 
were frequently observed in cultures of Glycine soja, G. max, and 
_6. tabacina. and less frequently in similar cultures of 6. wightii, 
6. clandestine, and G. toaentella. In a few cultivars of G. max there 
was a tendency to develop what are described as "embryo-like" structures. 
However, again all of these "organized" structures failed to form plant-
lets. 
Recently, Walker et al. (1979) found that callus from another legume 
(alfalfa) produces roots after Induction by a 4-day exposure to relatively 
high kinetin and low 2,4-D. Shoots were produced after a four day induc­
tion period in relatively high 2,4-D and low kinetin concentrations. 
Differentiation took place only after the tissue was passed to a differen­
tiating medium containing reduced hormone concentrations. The authors 
suggest that this system may allow for a study of the temporal separation 
of organogenic induction and the actual differentiation process. 
The possibility of using merlstems to initiate and maintain tissue 
cultures began with the pioneering work of White in 1943. White found 
that he could maintain subcultures of tomato roots, infected with tobacco 
mosaic virus, for extended periods of time. Limasset and Comuet (1949) 
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discovered that somatic cells from plants that had been Inoculated with 
virus were not uniformly Infected. In most cases the cells of the 
actively growing shoot merlstems were free of virus. This observation 
led to renewed Interest In merlstem culture and Morel and Martin (1952) 
employed merlstem culture techniques to produce virus-free plants. Since 
that time, shoot merlstem culture has become an Increasingly popular 
means of asexually propagating cultured plants and to eliminate patho­
genic systemic viral Infections (see reviews Boilings, 1965; Quak, 1977). 
The merlstem Is a dome of actively dividing cells, about 0.1 mm In 
diameter and 0.25 mnlong (Quak, 1977). The dimensions vary from one 
plant species to the next, a fact that has led to a great deal of con­
fusion In the literature and has been partly responsible for the evalua­
tion of such terms as "merlstem^tlp cultures," "tip culture," "culture 
of shoot apices" and "shoot tip culture" depending on the size of the 
Isolated expiants. 
The high degree of success In using apical merlstems In tissue 
culture possibly arises from the fact that they represent active growing 
points which are optimally organized so as to allow continued controlled 
organogenesis. The major growth In the shoot tip occurs In localized 
centers along the flanks of the apical dome. These centers arise in 
rapid succession (Steeves and Sussex, 1972). The organization of shoot 
tips presents a high degree of complexity; hence the smaller the segment 
explanted the harder it Is to initiate independent growth (Steward and 
Krlkorlan, 1979). 
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There Is not an extensive literature regarding the regeneration of 
plantlets from merlstems or stem tips of soybeans. In a sole report by 
Plaskowltz and Devine (1976), It was reported that a high percentage of 
stem cuttings, 8 to 10 cm In length, rooted If they were placed In moist 
coarse vermlcullte or perllte and maintained under a fine mist. Roots 
originated spontaneously at both the node and Intemode regions above 
and below the basal node. However, there Is no Indication In this report 
as to whether whole plants were derived from these rooted stem pieces. 
Enzymatic Removal of Com Cell Walls and Protoplast Formation 
Enzymatic degradation of the cell wall of higher plants Is not fully 
understood. Recent studies on cell wall structure and chemistry have 
aided In shaping a general understanding of the mechanisms Involved. 
Through the use of cultured sycamore cells, a model Illustrating the 
relationship of the major polysaccharides of the cell wall of dlcots has 
been developed by Albershelm and others (Albershelm, 1975, 1976; Bauer 
et al., 1973; Keegstra et al., 1973; and Talmadge et al., 1973). 
The wall polysaccharides have been grouped Into the pectlc substances, 
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hemlcelluloses, and celluloses (Northcote, 1972). Pectlc substances 
comprise the main components of the middle lamella and may be responsible 
for the structural Integrity of some of the primary cell wall (Cocking, 
1963 and McClendon, 1964). These substances are essentially polygalact-
uronldes, galactans, and arabans. Enzymes capable of depolymerlzlng 
these pectlc substances have been Isolated primarily from pathogenic 
fungi (Shelby, 1973). 
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The hemlcelluloses are complex constituents of the primary and 
secondary cell wall. It has been suggested that functionally they form 
bridges between the pectic and celluloslc molecules (Bauer et al., 1973). 
Cell wall hemlcelluloses of higher plants Include mainly xyloglucans and 
to a lesser extent, glucomannans and galactoglucomannans (Bateman and 
Basham, 1976). Shelby (1973) also found araboxylans in the cell walls of 
many of the cereals. Cellulose which constitutes the major structural 
component of cell walls exists in semi-orientated loose fibrils in the 
primary wall and as parallel lamellae in the secondary wall (Mihlethaler, 
1967). Chemically cellulose consists of long chains of B-l-4-linked 
D-glucopyranose. These chains are so arranged as to be held together by 
hydrogen bonds and Van der Waals forces to form elementary microfibrils 
(Northcote, 1972). 
The presence and function of structural proteins in cell walls are 
still controversial (Lamport, 1970). A hydroxyproline rich glycoprotein 
(extensin) may be deposited during the maturation of the primary cell 
wall (Sadava and Chrispeels, 1973). It has been suggested that this 
protein is linked to pectic substances through the arabinogalactan chain 
(Keegstra et al., 1973). 
Another cell wall component, especially prevalent in woody plants, 
is llgnin. Deposition of lignin usually occurs after the wall matures. 
The monomerlc subunlts of lignin are the oxidation products of sinapyl, 
coniferyl and p-hydroxycinnamyl alcohols which condense by free radical 
mechanisms to form an amorphous highly cross-linked polymer (Freuden-
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berg, 1959). Llgnln is probably covalently linked to other polymeric 
wall constituents (Cowling and Brown, 1969). Once lignification has 
occurred the polysaccharide constituents In the cell wall are quite 
resistant to enzymatic decomposition since they are complexed and masked 
by the llgnln component (Dehorlty et al., 1962; Ride, 1975; Vance and 
Sherwood, 1976). 
The first enzymatic protoplast Isolation technique was described by 
Cocking In 1960. This technique was essentially an adaptation of the 
mechanism used by pathogenic fungi to invade plant cells. Exposure of 
plant tissue to crude enzymes Isolated from fungal cultures caused 
degradation of the cell wall and release of the naked protoplasts. As 
can be seen from the foregoing discussion, the walls of higher plant 
cells are actually a mixture of complex polymers. Thus, It Is unlikely 
that one type of purified enzyme would be effective in removing all of 
the cell wall materials. However, the crude commercial enzymes that are 
used to remove cell walls probably contain a number of different wall 
modifying enzymes (Karr and Albershelm, 1970). The type of enzymatic 
activity that predominates in a given situation depends upon: pH, 
temperature, enzyme stability, and the presence of suitable co-factors. 
Certain naturally occurring inhibitors may also modify the enzymatic 
activity (Byrde and Archer, 1976). Enzymatic activity can also be 
altered by the presence of enzymes such as proteases and peroxidases 
that may be Included in the enzyme mixture (Shelby, 1973). 
The availability of commercially produced pectinases, hemlcellulases 
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and various cellulases has stimulated research on protoplasts Isolated 
from a wide variety of plants (see reviews: Gamborg and Miller, 1973; 
Tempe, 1973; Eriksson, 1976; Bhojwanl et al., 1977; Eriksson et al., 
1978; Vasll and Vasll, 1980). Protoplasts have been obtained from the 
tissues of many cereals Including: Secale cereale, Trltlcum aestlvum, 
and Hordeum vulgare L. (Evans et al., 1972); Avena (Fuchs and Galston, 
1976); Zea leaf tissue (Kanl and Edwards, 1973a); Oryza satlva L. (Deka 
and Sen, 1976); perennial grass and barley (Mezentsev et al., 1976); and 
Pennlsetum amerlcanum (Vasll and Vasll, 1980). 
In many cases, these cereal protoplasts have been found to be capable 
of regenerating a cell wall and remaining viable In culture for extended 
periods of time (Brenneman and Galston, 1975; Evans et al., 1972; Wenzel, 
1973). In a few cases, limited divisions have been reported for cultured 
mesophyll protoplasts of wheat (Evans et al., 1972), com (Vasll and 
Vasll, 1974), and oats (Brenneman and Galston, 1975). 
Deka and Sen (1976) enzymatlcally Isolated protoplasts from white 
leaf sheaths of rice. These protoplasts underwent division only after 
they had regenerated their cell walls and eventually gave rise to rhlzo-
genic callus. 
In contrast, progress with com protoplasts has not been as encourag­
ing. Pelcher et al.,(1975). used cellulase to isolate mesophyll proto­
plasts from com leaf tissue. Maintenance of these cells in B^ medium 
(Gamborg et al. 1968) led to a high degree of swelling, but no division 
or subsequent tissue formation occurred. Ivantsov and Akhmetov (1979) 
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described a method of Isolating protoplasts from com leaves using 
"Onozuka pl50(f'cellulase. As many as half of these protoplasts divided 
by the seventh day. By the third week of culture,small colonies formed. 
No further progress concerning these cultures was reported, but if these 
observations are confirmed they will be of considerable significance. 
The effect of cellulase on cell membrane permeability was investi­
gated by Taylor and Hall in 1976. These workers observed a higher rate 
of respiration of both leaf and root protoplasts from maize relative to 
that of Intact tissue. An increased permeability of the isolated proto­
plasts was also evidenced by the loss of an isotope from preloaded tissue 
during isolation. The protoplasts also exhibited a reduced ability to 
accumulate ions. Intact tissues treated in water or osmotic solutions 
did not respond in this manner, suggesting that permeability damage was 
the sole result of the enzymatic action. A method for the large; scale 
isolation of protoplasts from cereal leaf tissue was developed by Scott 
et al. (1978) and Chin and Scott (1979)1. They were able to get between 
10^ to 10^ viable protoplasts per gram of tissue following a short expo­
sure to an enzyme mixture. A low incidence of division (0.5 - 1.0%) 
occurred when these protoplasts were maintained on preconditioned medium, 
but the cells were found to be Incapable of sustained growth (i.e., more 
than three divisions). 
Intensive efforts to explore the conditions which would induce sus­
tained cellular division in cereal leaf protoplast cultures were made by 
Potrykus et al. (1976). These workers tried some 80,000 variations in: 
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plant species and variety, relation to the age of the plant and the organ 
of derivation, relation to the protoplast type, parent tissue preculture 
conditions, optimizing protoplast isolation through the use of various 
enzymes, and nutritional, hormonal and environmental culture conditions. 
Following this study, the conditions for sustained cellular division in 
leaf protoplast cultures had not yet been found. These authors suggested 
that more interest be applied to working with protoplasts from merlstem-
atlc tissues or cell and tissue cultures whose totlpotency is apparent. 
One of the first attempts to enzymatlcally Isolate protoplasts from 
com tissue other than that derived directly from the plant was reported 
by Motoyoshl in 1971. Half of the protoplasts released by a mixed enzyme 
incubation were multinucleate Indicating that either cell division with­
out cytokinesis had taken place, or spontaneous fusion had occurred during 
the isolation process. Bawa and Torrey (1971) were able to isolate Zea 
protoplasts from seedling roots and mesocotyls using "Onozuka 1500" cellu-
lase. This report falls to state the fate of the com protoplasts, but 
these investigators were also able to obtain protoplasts from seedling 
root tips and cultured callus tissue of Convolvulus arvensis. The proto­
plasts from this callus tissue were harder to obtain, but were more stable 
and survived longer in culture. Thus there was the suggestion that 
cultured callus cells were better adapted to an vitro environment than 
were cells freshly isolated from plant tissues. 
Potrykus et al. (1977) developed a "mlcrodrop array" technique which 
allowed them to screen for com protoplast growth in a large number of 
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different culture media. Several growth factor combinations were found 
to be effective in allowing more than 5% of the protoplasts, derived from 
stem tissue, to divide and form microscopic calli. In a follow-up study, 
Fotrykus et al. (1979) showed that protoplasts, isolated from cultures 
derived from these calli, were capable of sustained division leading to 
secondary cultures. The authors concluded that the important factor was 
the quality of the culture used for protoplast isolation and not the 
specific enzymatic or subsequent culture conditions. Investigations of 
the karyotypes of these cultures revealed that while the chromosome num­
ber varied around 30, cells with higher numbers (up to 120) were also 
present. The authors felt that this could present a major problem, for 
whenever cereal protoplasts or single cells have been shown to divide 
repeatedly, they usually had an abnormal chromosome number. 
According to Vasil and Vasil (1980), protoplasts isolated from embry­
onic suspension cultures of Pennisetum americanum gave rise to callus 
masses. These masses could be induced to form embryos when they were 
passed to growth regulator-free medium. This first demonstration of the 
totipotency of cereal protoplasts thus suggests that cereals may even­
tually fit into the same mold as seen in other plant species where proto­
plasts have been cultured successfully. 
Isolation and Cultivation of Soybean Protoplasts" 
The list of plant species from which sustained cell divisions have 
been reported in cultured protoplasts, while not extensive, is still quite 
impressive (see review, Vasil and Vasil, 1980). Included in this list 
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are a few legumes; Plsum sativum (Constable et al., 1973; von Arnold and 
Eriksson, 1976); Vicia hajastana (Gamborg et al., 1974a; Kao and Michayluk, 
1975); Vicia narbonensls (Donn, 1978); Vicia faba (Binding and Nehls, 
1978); Medlcago sativa (Gamborg et al., 1974a); Vigna sinensis (Davey et 
al., 1974; Bharal and Bashld, 1979); and Phaseolus vulgaris (Felcher 
et al., 1974). With the availability of better and more efficient enzyme 
preparations, mesophyll tissue of leaves has become the most commonly 
used source of genetically stable and uniform protoplasts (Takebe et al., 
1968; Otsuki and Takebe, 1969; Vasil and Vasil, 1974; Bourgin et al.,1979. 
Recently, Kao and Michayluk (1980) and dos Santos et al. (1980) were 
successful in obtaining shoots and embryogenesis in cultured tissues 
derived from leaf protoplasts of tfedicago sativa. These studies clearly 
demonstrate that protoplasts from leaf tissues of at least some of the 
legumes retain their totlpotency. 
Other legume tissues have also been used as sources of protoplasts. 
Bharal and Rashld (1979) were successful in isolating protoplasts from 
hypocotyl, stem and callus tissue of the cow pea. Viable protoplasts were 
also obtained from the shoot apex of cow pea plants (Binding and Nehls, 
1978). Infrequently, these protoplasts divided and formed small calli, 
but no organogenesis was reported. 
In a single report of its kind,Oliver et al. (1979) reported the 
successful isolation of protoplasts from soybean leaf tissue. These 
investigators used a mechanical grinding technique to free viable meso­
phyll cells which were then converted to protoplasts by enzymatic means 
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to assay for plasmalenma Integrity. No attempts were made to regenerate 
whole cells or to culture these protoplasts. Aside from this work,there 
have been no other reports of successful Isolation of protoplasts from 
soybean primary plant tissue. However, an alternate source of soybean 
protoplasts has been employed extensively. 
Cut surfaces of soybean roots and stems when placed in the proper 
culture conditions will form callus tissue from which cell suspension 
cultures have been obtained (Kao et al., 1970, 1971). High yields of 
protoplasts have been obtained from these cell suspension cultures by 
enzymatic means. Such protoplasts were found to be capable of regener­
ating a cell wall, undergoing division and reforming callus or suspension 
cultures (Kao et al., 1970). Availability of these regenerating proto­
plasts has made them the subject of many diverse studies over the past 
years. A few examples of such studies are as follows: cell wall regen­
eration, Klein and Deimer, 1979; ultrastructure, Fowke et al., 1974, 1975, 
1976; organelle isolation, Ohyama et al., 1977a; and DNA binding, Ohyama 
et al., 1977b and Kool and Pelcher, 1978. 
These protoplasts have also been particularly suitable as fusion 
partners, often inducing synchronous mitosis in nuclei of heterokaryons 
(Miller et al., 1971; Wetter, 1977). This characteristic is useful in 
cases where the other fusion partner (usually a mesophyll cell) does not 
normally divide by itself. Nevertheless, it has not been possible to 
devise permissive conditions which would allow soybean suspension cultures 
to be regenerated into plants. In this case, suspension cultures of soy­
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bean cells are known to have abnormal chromosome numbers, and therefore, 
may be deficient In genes required for morphogenesis (Kao et al., 1974). 
It has been known for some time that certain changes occur In tissues 
when they are detached from the plant. The ratio between protein syn­
thesis and breakdown Is shifted strongly In favor of the latter and the 
chlorophyll content decreases In close approximation (Richmond and Lang, 
1957; Martin and Thlmann, 1972). Blbonuclease activity has also been 
reported to Increase In excised leaves (Shlbaoka and Thlmann, 1970; 
Udvardy et al., 1969). Combined these catabollc changes are referred to 
as senescence. These changes might be expected to greatly effect the 
recovery of viable and subsequently stable protoplasts from excised 
plant tissue. 
Maintaining detached leaves In solutions of klnetln slows the sen­
escence process to some degree (see review, Beever, 1976). The exact 
mechanism of the klnetln effect Is unknown, but Osborne (1962) speculated 
that the retardation of senescence Is mediated through Its action In 
sustaining nucleic acid and protein synthesis. 
Sawhney et al. (1976) applied various chemical compounds "senescence 
retardants" to the Isolation of protoplasts from explanted cereal leaves. 
They found that the yield and stability of the protoplasts Improved if 
oat leaf segments were preconditioned by floating them on solutions of 
klnetln or cyclohexlmlde. These investigators suggested that alterations 
in cell wall chemistry, membrane integrity and stability of cellular 
macromolecules might account for failure of protoplasts to live and grow 
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in culture. The reported Indirect evidence strongly Indicates that the 
"senescent retardants" in some way slows these processes. 
Several basic amino acids (L-lyslne and L-arglnlne) have also been 
Implicated In retarding catabollc processes characteristic of detached 
plant tissues (Martin and Thlmann, 1972; von Abrams, 1974). Sawhney et 
al. (1977) also showed that these amino acids along with the diamines, 
putreclne and cadaverlne greatly reduced senescent processes in cereal 
leaves when incorporated into a preconditioning medium. These investiga­
tors suggest that this may account for the higher yields of stable proto­
plasts upon enzymatic treatment of the tissue. Recently, Galston et al. 
(1979) confirmed the fact that relatively hi^ concentrations of lysine 
and arginlne were effective in promotion of macromolecular synthesis, 
Inhibition of BNase formation and prevention of senescence. 
The studies described above all deal with the effects of "senescence 
retarding" agents on cereal leaf protoplast yield and stability. 
Presently, there are no published reports on the effect of these agents 
on the Isolation and subsequent stability of legume protoplasts. 
Isolation and Cultivation of Soybean Mesophyll Cells 
While the conditions necessary for the cultivation of leaf tissue 
have been worked out for a number of plants: Begonia (Wirth, 1959), 
Clchorum (Toponi, 1963), Kalanchoe (Wadhl and Mohan Ram, 1964). Peperonia 
(Harris and Hart, 1964). Sedum (Bouhani et al., 1973), and Glycine max 
(Evans et al., 1977), there have been only a few isolated reports on the 
cultivation of separated leaf cells (Joshl and Ball, 1968a). 
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Determination of more of the requirements for the cultivation of 
isolated plant cells would not only advance knowledge of cell physiology, 
but would also be essential if the full potential of variation exhibited 
by cultured somatic cells is to be exposed (Street, 1977; Shepard et al., 
1980). One means of accomplishing this is to isolate and cultivate proto 
plasts as discussed in the previous sections. However, caution must be 
exercised when attempting to regard protoplasts as simply plant cells 
without cell walls. Certain structural alterations have been noted in 
the chloroplasts of freshly isolated protoplasts. These abnormalities 
are often accompanied by marked changes in fraction I protein biosynthe­
sis. These observations have led Burgess (1978) to suggest that proto­
plasts should be thought of as stressed systems that require recovery. 
Isolated intact leaf cells have been used extensively in investiga­
tions dealing with various aspects of plant cytology: virus multiplica­
tion (Zaitlln, 1959; Takebe et al., 1968), differentiation (Usui and 
Takebe, 1969), metabolism (Servaites and Ogren, 1977a; Jensen et al., 
1971), and photosynthesis (Colman and Mawson, 1978; Oliver et al., 1979) 
These studies have all been short term, and no attempts were made for 
culture initiation and maintenance. 
While enzymatic isolation procedures have been applied with some 
success to the leaves of a number of plants (Jyung et al., 1965; Rehfeld 
and Jensen, 1973; Aono et al., 1974) they are not applicable to all 
species (Otsuki and Takebe, 1969). For example, Takebe et al.(1968) and 
Jensen et al.(1971) were successful in isolating mesophyll cells by 
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macerating leaf tissue In a hypertonic medium containing pectlnase. 
Cataldo and Berlyn (1974) assessed the effectiveness of enzymatic pro­
cedures by measuring the ability of Isolated tobacco leaf cells to assimi­
late COg. In some cases the photosynthetlc rates of the Isolated cells 
were comparable with those of untreated leaf tissue. However, Colman and 
Mawson (1978) found that the enzymatic procedure they were using did not 
yield Intact cells from leaves of beans, peas, and tomatoes. These Inves­
tigators did not find that photosynthetlcally active mesophyll cells could 
be Isolated If the tissue was pretreated with solutions of gradually 
Increasing concentrations of sorbitol prior to maceration. 
Another approach to the Isolation of Intact cells takes advantage of 
the cellular arrangement In the leaf tissue. Leaf mesophyll cells of 
many plants are loosely aggregated with only small areas of Interface 
between adjacent nel^bors (Esau, 1977). Gnanam and Kulandalvelu (1969) 
found that the leaf tissues of some species readily released Intact cells 
when they were mechanically ground. Isolated cells prepared In this 
manner retained initial high rates of photosynthesis. The use of Isolated 
leaf cells for this type of study has been criticized on the grounds that 
in some cases leaf slices were unable to recover photosynthetlc activity 
when released from osmotic stress (Jones, 1973). 
Â homogeneous tissue-free cell preparation from soybean leaves was 
Intensively studied by Sacusen and Aronoff in 1953. This preparation was 
obtained by mechanically grinding soybean leaves in a phosphate buffer 
solution containing 0.25 M sucrose. An Illuminated fresh preparation was 
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found to be capable of fixing at a rate corresponding to one-fifth 
that of normal leaf tissue. However, unlike the whole tissue, there was 
no evidence of radioactive incorporation in the protein fraction. There 
was a logarithmic loss (with time) in the ability of separated cells 
to assimilate CO^. Servaltes and Ogren (1977a) used a Macerase enzyme-
stirring technique to isolate mesophyll cells from leaves of soybeans. 
nils proved to be a fast and efficient method of isolating cells without 
having to expose them to prolonged enzyme treatment. The isolated cells 
were capable of high rates of photosynthesis even after storage in the 
dark for periods of up to 9 hours. Fhotosynthetic rates were highest 
when the cells were assayed in 0 to 0.3 M sorbitol. These rates slowed 
when the cells were maintained in solutions of higher sorbitol concentra­
tion. Oliver et al. (1979) obtained better rates of photosynthesis from 
cells isolated by gently grinding leaf tissue in a chilled mortar con­
taining sharp sand and a modified grinding medium (Jenson and Bassham, 
1966) made 0.33 M with respect to sorbitol. No mention was made in this 
report of the amount of time the cells were maintained in an active state. 
Gentle grinding of Asparagus cladophyll sections in a buffered aqueous 
medium released a large number of cells within a few minutes (Colman 
et al., 1979). In these preparations 85 to 90% of the cells were found 
to be intact. A progressive Increase in osmotlcum (sorbitol), caused a 
progressive decrease in the photosynthetic rate of the cell preparation 
although little cell damage occurred. The cells did not recover metabolic 
activity when released from the osmotic stress. However, cells Isolated 
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without osmotlcum maintained high photosynthetlc rates for over 160 hours 
after storage In the dark at 4*C. 
Recently, Schwenk (1980) successfully Isolated cells from soybean 
cotyledons by mechanical means. These cells were Isolated In sterile 
distilled water and cultured in modified Schenk-Hildebrandt's "S-H 
medium" (Schenk and Hlldebrandt, 1972) where they underwent expansion, 
division, callus formation and occasionally developed roots. An abundance 
of cells could also be mechanically Isolated from fully developed leaves, 
but these cells failed to grow or divide on growth medium. Successful 
application of these techniques to soybean leaf mesophyll cell culture 
could provide useful research material for future plant selection, morpho-
genic and extended cell physiology studies. 
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MATERIALS AND METHODS 
Tissue Culture 
Varieties and sources of com and soybean plants 
The sources of the different varieties of com and soybeans used In 
this study are given In Table 1. Soybean variety T219 Is a mutant strain 
characterized by having a heterozygous trait with Incomplete dominance for 
chlorophyll formation. Weber and Weiss (1959) describe a gene that 
controls the development of chlorophyll in soybeans. This gene segre­
gates in a Itendellan ratio of: 1 (normal green, NG), 2 (light green, LG), 
1 (yellow, Y). These three phenotypes are shown in Figure 1. The yellow 
(y) gene is lethal in the homozygous state and yellow plants do not 
normally grow to maturity. 
General procedure for disinfecting plant tissue and maintaining plant 
tissue culture 
Com and soybean plant tissue, i.e., stems, pieces, leaves, seeds, 
buds, etc., were thoroughly washed with mild detergent (Micro, Inter­
national Products Corp., Trenton, N.J.) to remove surface dirt and any 
naturally occurring oily secretion. The tissue was disinfected for 
various lengths of time in 10% commercial bleach containing 5.25% sodium 
hypochlorite and 0.01% Tween 80 which acts as a wetting agent. This was 
followed by a brief rinse in 0.01 N HCl to neutralize any residual hypo­
chlorite (Abdul-Baki, 1974). The tissue was then rinsed 6 times in 
sterile distilled water and dissected further so that the appropriate 
structures could be placed on agar surfaces. All tissue explantatlon 
Figure 1. Phenotyplc expression of the mutants of Glycine max 
strain T-219. The genotype when selfed, 
segregates three green to one yellow: Yj^j^ Y^^ (normal 
green, NO), Yj^^^ yj^ (light green, LG) and y^^ 
(yellow, Y). The yellow (Y) gene Is lethal In the 
homozygous state. X 0.5 
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Table 1 The source of the various varieties of com and soybean used 
In this study 
Variety 
(plant Introduction number) 
Source 
Zea mays 
Â188 
M037 X N28® 
A632 
Black Mexican 
E. Greenwald 
Minn. Crop Imp. Assn. 
I. Anderson, I.S.U. 
I. Anderson, I.S.U. 
D. S. Robertson, I.S.U. 
Glycine falacata (246.591) 
Glycine tabaclna (321.391) 
Glycine clandestine (248.252) 
Glycine soya (407.121) 
Glycine max 
1219 
Beeson 
Richland 
Llnman 
Lincoln 
Blackhawk 
Harosoy 63 
Clark 
Mandarin 
P220 (60 chromosomes) 
F238 (80 chromosomes) 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Bernard, U. of Illinois 
R. Bernard, U. of Illinois 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
R. Palmer, I.S.U. 
^M)37 X N28 - single hybrid corn, Missouri 37 x Nebraska 28 
^Foundation Seed stocks, Minnesota Crop Improvement Association, 
University of Minnesota, St. Paul, MN. 
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and culture passage was carried out either In a protective hood or a lam­
inar flow clean bench. Unless otherwise specified, callus cultures were 
grown 25-27"C; In 100 z 20mm bacteriological petrl dishes containing 
30 ml of agar medium. The dishes were sealed with parafllm H tape to 
prevent contamination and to retard dehydration. The several media used 
are listed In Appendix A. Cultures were maintained either In the dark 
or under 2300 lux of Illumination provided by Westlnghouse F40/A6BO and 
Westlnghouse F40 CW fluorescent tubes In alternate arrangement (16 h day 
length). 
Initiation, maintenance, and determination of growth rates of 
suspension cultures 
Suspension cultures were Initiated by placing approximately 50 mg 
of rapidly growing callus In 50 ml of liquid growth medium. The 
composition or literature references for the media used are given In 
Appendix A. Suspensions were Initiated from callus growing on agar 
medium of the same composition as the liquid growth medium. Cell sus­
pensions were maintained In sterile 125 ml Erlenmeyer flasks at 120 
cycles per minute on a reciprocal platform shaker (Eberbach Model 5850) 
In the dark at 25"C. The flask openings were loosely covered with alumr-
Inum foil. Suspensions were subcultured every 10 to 14 days, depending 
on growth. 
Growth rates of suspension cultures were determined after multiple 
passages In any specific medium. Active growing cells from early loga-
rlthmlc-phase parent cultures were collected by harvesting the entire 
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contents of a flask after four days of growth. Small samples of these 
sterile cells weighting 56± 5 mg were used to innoculate flasks contain­
ing 50 ml of fresh medium contained in foil covered 125 ml Erlenmeyer 
flasks. The cultures were maintained on the reciprocal shaker in the 
dark at 25"C. Fresh and dry weight were determined by collecting the 
total cell population from four flasks picked at random on a 64 yM nylon 
sieve. The cell mass was lightly pressed to drain off excess moisture 
and then completely transferred to prewelghed aluminum planchets. Fresh 
weight was determined from freshly prepared cells. For dry weight deter­
mination the planchets were maintained at 60*C for forty-eight hours. 
Four to five replicate wet and dry weights were determined at each of 
several regular time Intervals. Doubling times were calculated from the 
regression line fitted to the log-linear phase of growth. 
Initiation of corn cultures 
Dry kernels were sterilized, using the procedure in section 2, then 
imbibed in sterile distilled water for 40-48 hours to soften them for 
embryo dissection. The embryos were excised aseptically and all of the 
surrounding endosperm and scutellar tissue were removed. To obtain 
sprouted seedlings, the embryos were placed on potato dextrose agar 
(Difco) and Incubated in the dark for 10-15 days. During this time the 
embryos expanded,forming roots and shoots. Sections from the mesocotyl, 
epicotyl, and root regions were aseptically removed and placed on various 
agar media for growth analysis. In cases where Imbibed scutellar tissue 
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was used, small pieces of scutellum (1 nm or less) were explanted and 
placed on the culture medium. Whole embryos were also placed on Green's 
medium (see Appendix A) in sterile Petri dishes and incubated in the dark 
for one week. These embryos continued to grow, producing extensive roots 
and forming a prominent coleoptlle. At this stage the coleoptllar node 
is visable at the apex of the mesocotyl region (Figure 2E). This node 
was aseptically dissected from the plantlet and cut into discs about 1 mm 
thick. These discs were placed on a variety of media for continued 
growth and development. A modification of the method developed by Green, 
Phillips and Kleese (1974) was used to isolate growing point tissues 
from either field plants at the 6 to 10 leaf stage or from vermlculite 
grown plants at the 4 to 5 leaf stage. Vermlculite grown plants were 
watered weekly with Hoagland's solution (Hoagland and Amon, 1938) and 
maintained under 2300 lux of illumination provided by mixed cool white 
and AGRO fluorescent tubes (16 h day length). Small sections of the stem 
(4-6 cm) were removed from the plants at the point of the stem nodule. 
The exposed leaves and sheat&s were removed and the stem pieces were dis­
infected. Following surface disinfection, the young leaves were carefully 
peeled off so as to expose the apical nodal region. The nodal region was 
sliced horizontally into 1 mm discs which were placed in culture dishes 
with the cut surface in contact with the culture medium. 
Scutellar cultures were initiated using the technique developed by 
Green and Phillips (1975). Young ears, 14-19 days after pollination, 
were harvested from the field or from greenhouse grown plants. Within 
Figure 2A. Four-day soybean seedling germinated in a moist chamber. 
One of the cotyledons has been removed to expose the 
tip which Is enclosed by the developing primary leaves. 
X 1.5 
Figure 2B. Hypocotyl and seedling apex with cotyledons removed. 
Apical expiants were made at the level of the cotyledon 
attachment sites (dotted line). X 10 
Figure 2C. Apical dissection with primary leaves pulled back In order 
to expose growing tip. X 10 
Figure 2D. Typical growth patterns of seedling apical expiants on 
Murashlge-Skoog Medium. X 1.5 
1. Rapidly growing callus. 
2. Callus growth with expansion of existing structures. 
3. Expanded shoot with leaves. 
4. Developing plantlet with root and shoot. 
Figure 2E. Explanted corn embryo grown on Green's Medium (Green 
et al., 1974). This embryo is one week old and shows 
both root and a well formed coleoptile. The coleoptlllar 
node is vlsable near the apex (arrow). X 2 
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24 h after removal the ears were shucked, broken Into small segments and 
surface sterilized. The Immature embryos were Isolated by cutting the 
top off the kernel and scooping out the endosperm and embryo. Most of 
the embryos were at stage 1 of development as described by Abbe and 
Stein (1954). The embryos were a little larger than 1 mm In length and 
the oval scutellum was large, fleshy and flattened. This stage Is marked 
by the first leaf prlmordlum developing on the embryo axis diametrically 
opposite to the Insertion of the scutellum. Unless otherwise stated, 
the embryos were oriented on Green's agar medium with their radical axis 
in contact with the agar surface. 
Initiation of soybean cultures 
Terminal pieces of stem, about 2 cm in length, were taken from mature 
greenhouse grown Glycine clandestine plants. These stem pieces were sur­
face sterilized and the apical 3 mm was aseptlcally removed and placed, 
cut end down, on Murashlge-Skoog Medium (Murashlge and Skoog, 1962). 
Seedling stem apices of Glycine max were also used in morphogenic studies. 
Dried seeds were disinfected and placed between sheets of moist sterile 
Terl disposable towels (Kimberly-Clark Corp., Neenah, WI.) in closed 
sterile containers. The seeds and toweling were flooded with sterile 
distilled water and allowed to imbibe overnight. Excess water was 
drained off and the seeds were left undisturbed in the dark for four days 
during which time they germinated. The cotyledons were separated and 
removed exposing the growing sprout (Figure 2A). The upper (apical) 0.5 
mm of hypocotyl was aseptlcally cut off keeping the plumule intact (Fig­
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ure 2B). The seedling apices (Figure 2C) were placed on the agar surface 
with the cut end down. A gradient of 2,4-D (2,4-dlchlorophenoxyacetlc 
acid) and klnetln (6-furfurylamlnopurIne) was used to study the effects 
of these growth regulators on regeneration of stem apices. The concen­
tration of the growth regulators was varied In a dlallellc manner so as 
to expose stem apices to all possible concentrations. The cultures were 
maintained In the light (16 h day) and observations were made after 30 
days. 
One of the major problems In dealing with the study of the regenera­
tion of plant tissue in culture Is the lack of an accurate means of meas­
uring degrees of morphogenesis. While valuable Information regarding 
tissue growth can be gained through measurements of linear or weight 
Increase, these parameters do not describe actual morphological changes 
taking place as the tissue grows. It was felt that a quantitative descrip­
tive assessment was necessary In order to recognize trends toward or away 
from Inductive conditions which would allow the plant tissue to express 
maximum totlpotency in culture. A series of morphological growth descrip­
tions and arbitrary differentiation scores assigned to each are presented 
in Table 2. Cultures showing organized structure or organogenesis were 
given a higher score than cultures where expansion and callus formation 
were prevalent. The tendency toward shoot development was given the 
highest score. At the end of the growth period, each of the expiants was 
assigned a differentiation score based on gross morphological appearance. 
The differentiation scores for a group of expiants grown under similar 
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Table 2 Description of differentiation scores used to evaluate 
the degree of plantlet regeneration 
Description of Growth Score 
No growth 0 
Expansion of existing structures 5 
Rapidly growing amorphic white callus 15 
Rapidly growing amorphic green callus 20 
Roots or rootlike processes 30 
Growing green centers 40 
Shoot with leaf-like processes 50 
Disorganized leaves and root-like processes 55 
One or more roots and shoots organized into a plantlet 60 
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conditions were averaged to obtain a score value for that particular set 
of growth conditions. The average differentiation value given for a 
particular set of conditions should be regarded as a comparative value 
and does not necessarily reflect a distinct morphological description. 
Figure 2D shows some of the typical growth patterns expressed by 
stem apices in culture. 
Intact actively growing flower buds (2.5 to 3.5 mm long) were 
gathered from mature greenhouse grown T219 soybean plants. These buds 
were green and had no corolla showing. Mature anthers were taken from 
flowers that had fully deshlsced and showed a full corolla. The buds or 
flowers were surface sterilized and the stamens were exposed by removing 
the outer calyx and developing banner and wing petals. The stamens com­
pose a typical diadelphous androecium In which the filaments of nine of 
the stamens are fused into one unit. A tenth stamen, the most posterior, 
is free. The androecium was removed from the nectary and placed on agar 
medium. 
Leaf expiants were obtained in the following manner. Young leavës 
were taken from plants grown in washed vermicullte moistened with Hoag-
land's solution (Hoagland and Amon, 1938). The plants were grown in a 
growth chamber set for a 14 h light length of 616 lux of light at leaf 
level provided by cool white fluorescent tubes mixed with Incandescent 
lights. The temperature of the chamber was maintained at 22°C during 
the light cycle and 15*C during the dark period. The chamber was kept 
near saturated humidity by placing large open trays of water around the 
52 
plants. Whole leaves were surface sterilized, rinsed and cross cut into 
narrow strips no larger than 1 mm in width. The strips were placed with 
the cut end in contact with the agar medium. 
Young green pods (0.5-5.0 cm long) were harvested from greenhouse 
grown plants. The calyx and stem were removed and the pods were exter­
nally disinfected, rinsed and drained. The pods were then aseptically 
split open and the seeds and membranous inner epidermis were scraped out 
with a blunt pair of forceps. Each pod half was then cut to give cross 
sections of about 1 mm thickness. These sections were oriented on the 
growth media so that one cut end was in contact with the agar surface. 
Isolation and Cultivation of Protoplasts 
Commerical enzymes used to digest plant tissue and degrade plant 
cell walls 
Several enzymes are commercially available which can be used for the 
maceration of plant tissue and the isolation of protoplasts. The type of 
enzyme employed is largely determined by the source of the plant tissue 
or cells. A list of the enzymes, and their sources, used in this study 
Is presented in Appendix B. Macerases and cellulases refer to groups 
of enzymes, which acting together break down plant tissue or hydrolyze 
cellulase. Although cellulases and macerating enzymes are distributed 
throughout the biosphere they are most manifest in fungi and other micro­
organisms. Therefore, the commercially prepared form of these enzymes 
are often crude extracts taken from microbial cultures. These crude 
enzymatic preparations often express more than one type of enzymatic 
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action (see Appendix B). 
Com protoplast Isolation 
Com plants grown in washed vermiculite moistened with Hoagland's 
solution were maintained in a 16 h day cycle under the fluorescent tube 
arrangement described previously. The plants were grown to the 4-5 leaf 
stage before young leaves were harvested and surface sterilized. The 
leaves were then shredded lengthwise into narrow strips and placed in the 
various enzyme solutions. When com tissues other than leaf were used, 
they were first disinfected and then cut into small pieces. Aseptically 
grown callus and leaf tissue were handled in the same manner except the 
sterilization step was deleted. 
The enzymes were Incorporated into an osmotic solution containing 
either 600 mM glucose with 6 mM CaClg or 0.6 M mannitol with 8 mM CaClg. 
All of the enzyme solutions were centrifuged prior to use to remove 
insoluble material and then sterilized by passing the mixture through a 
0.45 ym Millipore membrane filter. 
Enzymatic incubation was carried out on a reciprocal shaker (60 
cycles/min) in the dark at 30"C. After 3 hours of incubation many proto­
plasts were released into the enzymatic mixture. Isolation of the proto­
plasts was carried out according to the flow sheet presented in Figure 3. 
The number of apparently normal protoplasts released was counted using a 
hemacytometer. Steps II through VI of the isolation were carried out in 
an ice bath to reduce further enzymatic injury. The preparation was 
passed through a 64 ym stainless steel screen to remove the larger pieces 
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I. Incubation in 1.5% cellulysin in 0.6 M mannitol with 8 nM CaClg, 
pH 5.7. 
4- « 
5 hours incubation at 30 C 
. + , . . 
II. Pass through a 64 ym screen. 
• ^ • 
• + 
III. Add an equal volume of 0.6 M mannitol with 0.24mM CaClg and 
centrifuge at 100 g. 
+ decant 
+ 
IV. Resuspend in 2 volumes of 0.6 M mannitol with 24mM CaCl^ 
+ 1 volume medium. 
+ 
+ 
V. Layer on 5 volumes of 21% sucrose +1 volume medium and centrifuge. 
4, draw off protoplasts at interface 
+ 
VI. Resuspend in 2 volumes of 0.6 M mannitol with 0.24mM CaCl^ + 1 
volume of medium, centrifuge. 
* 
• + 
VII. Wash twice with growth medium. 
Figure 3. Flow sheet for the isolation of com protoplasts 
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of undigested tissue. It was then layered on a 10 ml cushion of cold 
21% sucrose and centrlfuged at 120 g for 15 minutes. Whole cells and 
debris were pulled through the sucrose and pelleted. The Interface layer 
containing the majority of the protoplasts was carefully withdrawn and 
diluted with a solution of osmotlcum, calcium, and medium. The suspen­
sion was lightly centrlfuged to pellet the protoplasts and decanted. 
The protoplasts were finally washed twice with growth medium. 
Enzymatic treatment of soybean tissue 
Soybean tissue from various sources;, flower buds, stems, pods, 
cotyledons, and primary and secondary trifoliate leaves were obtained 
from young actively growing greenhouse plants. The whole plant organs 
were surface sterilized In the usual manner and then further dissected 
to expose the desired tissue. 
Leaves were cut Into small (approximately 1 mm) strips with a sharp 
scalpel prior to enzymatic treatment. Stems and stem apices were har­
vested, split in half and cut Into small (approximately 1 mm^) pieces, 
then placed directly Into the enzyme solution. Description of the prep­
aration of pod tissue can be found under a separate heading (Page 63). 
Various commercially available enzymes (see Appendix B) were 
employed either singly or In various mixtures. In some cases (Indicated 
In the text) other additives, such as sodium citrate (S.C.), dlsodlum 
(ethylenedlnltrllo) tetra acetate (EDTA), and potassium dextran sulfate 
(KDS) (Melto Sangyo Co., Ltd.), were also Included In the Incubation 
mixtures. All enzyme solutions were centrlfuged to remove Insoluble 
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material and then sterilized by passing the mixture through a 0.45 ym 
Millipore membrane filter. 
Leaf, and other soybean tissues, were subjected to two methods of 
enzymatic treatment. For the sequential enzyme procedure, sterile tissue 
was preincubated in a filter sterilized solution containing 0.6 M mannitol 
pectinase or macerating enzyme (pH 4.5). In most cases the tissue was 
vacuum infiltrated for 5 minutes prior to incubation. After a suitable 
incubation period the first enzyme was decanted and the tissue was 
flushed once with Mannitol osmotlcum and placed in a second enzyme mix­
ture consisting of 0.6 M mannitol, 8 mM CaClg, and cellulase (pH 5.2). 
The preparations were again vacuum infiltrated and incubated for differ­
ent time periods. In the mixed enzyme procedure the pectinase or macer-
ase and the cellulase were both Incorporated Into the above mannitol, 
CaClg solution. All incubations were carried out in the dark on a 
reciprocal shaker running at 60 cycles/minute at 30*C. The preparations 
were examined microscopically at 2-hour intervals to determine the degree 
of protoplast release. 
Tobacco leaf mesophyll tissue has been used extensively as a source 
of viable protoplasts Isolated by enzymatic means (Nagata and Takebe 
1971: Takebe, Lablb and Ifelchers 1971; Kitsch and Ohyama 1971; and 
Carlson, Smith and Bearing 1972). Therefore, tobacco leaf tissue was used 
as a test to determine if the enzymes employed were effective in digest­
ing plant cell walls. Fully extended tobacco leaves were disinfected 
in hypochlorite and ethanol, rinsed 6 times with sterile water and placed 
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In osmotlcum consisting of 0.4 M mannltol. The lower epidermis was 
aseptlcally removed and the leaf pieces were cut Into thin strips before 
placing them in 50 ml flasks containing 7 ml of enzyme. All enzyme solu­
tions to be tested were made up in 0.4 M mannltol with pH adjusted to 
5.2. Enzyme sterilization and tissue Incubation was carried out as 
described previously. 
In experiments where separated intact mesophyll cells were used, 
they were prepared by lightly grinding leaf tissue with a small amount of 
osmotic solution in a smooth mortar for about 30 seconds. The resulting 
leaf cell preparation was passed through a 64 ym nylon screen to remove 
Intact portions of leaf tissue. The cells were collected by settling or 
gentle centrifugation (100 g) and washed once with osmotlcum. Finally, 
the cells were resuspended in 10 ml enzyme solution and incubated in 
shallow layers in either small petri dishes (60 x 15) or in 50 ml Erlen-
meyer flasks In cases where a sequential procedure was used, following 
the first enzyme incubation, the cells were transferred to sterile conical 
centrifuge tubes and gently pelleted (100 g). The pellet was washed once 
in osmotic solution and then resuspended in the second enzyme for the 
duration of the incubation. 
Chemical extraction of soybean leaf cells 
Higjh yields of intact soybean leaf cells were obtained by the follow­
ing mechanical method. Leaves from greenhouse grown T219 plants were 
cut into small pieces and the mid ribs were removed. The leaf tissue was 
placed in an Omni mixer along with water and crushed ice and chopped at 
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full speed for about 4 minutes. The combined cell suspensions were 
passed through double layers of cheese cloth to remove the larger leaf 
pieces and vascular tissue. The separated leaf cells were allowed to 
settle to the bottom of the container by gravity and the top layer, con­
taining starch and chlorophyll and cellular debris was carefully decanted. 
This process was repeated 8 times, each time resuspendlng the cells In 
cold water. Finally, the cells were collected In a Buchner funnel fitted 
with a Whatman #1 filter and the excess water was pulled off by vacuum. 
Small samples were taken at this point to serve as controls and for prote­
olytic enzyme treatment. The bulk of the resulting green cell cake 
was extracted four times with acetone which removed the plant pig­
ments. Again small samples were taken for enzyme treatment. The remain­
ing cells were then extracted twice with a 50:50 (V/V) mixture of chloro­
form and methanol and a sample was taken for observation and enzymatic 
treatment. This extraction was followed by an overnight treatment with 
10 M Lid. The remaining cellular components were then washed 3 times 
with distilled water by centrlfugatlon and dlalyzed 24 hours against 
water to remove the LiCl. At this point another sample was taken for 
observation and enzymatic treatment. Finally, the residue was treated 
overnight in a 5% solution of Triton XlOO, then washed 8 times with water 
to remove the detergent. The product, now consisting primarily of cell 
wall material was also subjected to enzymatic treatment. 
An attempt to remove lignins from the cell walls was made by placing 
a 50 mg sample of dried extracted cell wall material in a 125 ml vacuum 
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flask. The powder was vacuum infiltrated In 16 ml of water and vigor­
ously stirred. One drop of acetic acid and 150 mg of sodium chlorite 
were added to the reaction flask and the preparation was placed in a 
shaking water bath set at 75*C. Equal volumes of acetic acid and sodium 
chlorite were added to the reaction mixture every 4 hours for a total of 
twelve hours. The residue of this reaction was thoroug^ily washed with 
water before exposing it to enzymatic digestion. 
Cell residue from each of the above extraction steps was suspended 
in 10 ml of enzyme mixture (see Table 3) and briefly vacuum infiltrated. 
Each suspension was incubated on a shaker (60 cycles/min) at 30"C for 7 
hours and then centrlfuged, fresh enzyme was added, and the Incubation 
continued for 6 additional hours. At the end of the incubation period, 
the condition of the cell wall was assessed by hemacytometer counts, 
phase and fluorescent microscopic observation. The optical brigjhtener 
Calcofluor White M2R (Folysclences) has been used to vitally stain cell 
walls of higher plants (Nagata and Takebe, 1970; Hughes and McCully, 
1975). A stock solution consisting of 0.1% Calcofluor White 
H2R made 0.75 M in respect to mannitol was filtered througjh a 5 nm 
Mlllipore membrane to remove undissolved material. The digested cell 
residue was stained by mixing one drop of the suspension to 1 ml of 
water containing one drop of staining solution. Fluorescence was 
observed with a Zeiss photomicroscope using exciter filter BG 12 (ca. 
325-500 nm with a peak at 400 nm) and barrier filter #53 (transmits above 
530 nm). 
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Table 3 Composition of enzyme mixture used to digest extracted 
soybean cells 
Coiiq>onents g/100 ml 
Sorbitol 10.930 
MES* 0.976 
NaCl 0,017 
NaNOg 0.017 
CaCl 0.089 
MnClg'AHgO 0.020 
MgClg'éHgO 0.020 
K^PO^ 0.009 
DIT** 0.031 
PVP*** 2.0 
Cellulase Rio"^ 2.5 
+ 
Drlselase 2.5 
Macerozyme RIO 1.0 
Hemlcellulase^ 1.0 
* MES 2(N-Morpholino) ethane sulfonic acid (Sigma) 
** DIT Dlthlothreltol (Calblochem) 
*** PVP (PVP-40T) polyvinylpyrrolidone (Sigma) 
t See Appendix A 
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Isolation of enzymes from saprophytic microbes 
Bizymes of both bacterial and fungal origin are known to be active 
In the lysis of plant cell walls and consequently are of potential use In 
protoplast production. Since the available commercial enzymes are 
derived from a limited number of microbial sources (Appendix B) and are 
Ineffective In sufficiently digesting the cell walls of soybean leaf 
cells, alternate sources of active enzyme systems were sou^t through 
enrichment culture of saprophytic microbes. 
For Induction of the proper enzymes directed at cell wall digestion, 
a relatively clean source of cell wall material was essential as a sub­
strate. Mesophyll cells from senescent yellow soybean leaves were found 
to contain much less starch and other cellular products than comparable 
cells from actively growing green leaves. A cell wall substrate was 
prepared by grinding yellow leaves in distilled water and ice in an Omni 
mixer running at full speed for 3-4 minutes. The liquid portion, con­
taining the mesophyll cells, was separated from the pulp by squeezing it 
In a gauze bag. The mesophyll cells were allowed to settle out of the 
liquid and were washed 5 times with distilled water. Two extractions 
with absolute acetone followed prior to drying. "Substrate agar" con­
sisted of 0.5% extracted powdered cell residue and 1% Oxold agar In 
salt solution (Peberdy, 1979). The agar was sterilized by placing it 
in flowing steam for 1 hour periods at two different times. 
Decaying leaf litter was collected from the dirt floor of a green­
house where soybean plants were maintained. An infusion culture was 
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prepared by placing the litter in distilled water and allowing the decay­
ing process to continue. The cultures were placed on a reciprocal shaker 
(120 cycles/min) and incubated at 25*C until only the skeletal vascular 
elements and epidermis remained. These infusion cultures were maintained 
by passing 25 ml of parent culture into steam sterilized 500 ml Erlenmeyer 
flasks containing whole fully senescent leaves and 200 ml of Peberdy's 
salt solution. 
Enrichment cultures were prepared in the following manner. A 10 ml 
layer of substrate agar was poured into bacterial culture plates (100 x 
15 mm) and allowed to harden. An agar overlay layer was prepared by 
melting 1% Oxoid agar in Peberdy's salt solution. Once the solution had 
cooled to the touch, 0.5 ml of Inoculum from a leaf infusion culture was 
added and mixed. An equal volume of this overlay was poured over the 
solidified substrate layer. After 20 days of incubation at room ten^era-
ture colonies started to appear at the interface. Small blocks (5x5 
mm) were aseptically cut from the enrichment cultures and chopped in a 
small amount of sterile Peberdy's salt solution. 
The resulting suspension was used as Inoculum to spread over the 
surface of fresh substrate agar plates without the overlay. Incubation 
was carried out in the dark at room temperature. The progress of the 
cell wall digestion was monitored by microscopic observation of thin 
slices of agar culture. After 10 days of growth, the agar from each dish 
was pooled and chopped finely in 100 ml of chilled Peberdy's salt solu­
tion. This preparation was placed in the refrigerator and allowed to 
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extract overnight. The agar was removed by straining the extract through 
four layers of gauze. Residual turbidity was removed by centrifuging 
(100 g) for 20 minutes in a refrigerated centrifuge. The extract was 
concentrated 28 times by means of an Amicron UtHO molecular sieve. This 
concentrated filtrate was washed with 2 volumes of enzyme buffer (see 
Table 3) without polyvinylpyrrolidone and dlthlothreitol. 
The effectiveness of the crude enzymatic extract, for removal of 
soybean cell walls, was challenged using freshly isolated living leaf 
cells. Young trifoliate leaves were harvested from greenhouse grown 
plants and the mesophyll cells were separated by scraping the lower leaf 
surface in enzyme buffer. The cell suspension was centrifuged to pellet 
the cells which were resuspended in 5 ml of enzyme solution. This solu­
tion consisted of the extract supplemented with 5% cellulase RIO, 3% 
Macerozyme RlO, and 3% hemicellulase. As a control, the extract was 
omitted from the enzyme solution. The preparations were poured into 25 
ml vacuum flasks and the cells were vacuum infiltrated. The cell sus­
pensions were incubated in the dark on a water bath shaker (30 cycles/ 
minute) maintained at 30"C for 10 hours at ^ich time the original enzyme 
solutions were replaced with fresh extract enzyme solution. The prepara­
tion was again vacuum infiltrated. Progress in cell wall digestion was 
closely followed by periodic phase microscopic observation. 
Isolation of protoplasts from pod tissue 
The recalcitrant nature of leaf mesophyll cell walls to enzymatic 
treatment led to a search for other soybean tissues that might yield to 
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enzymatic treatment and the release of viable protoplasts. Soybean 
plants were grown under greenhouse conditions supplemented with a 16 hour 
day length of 4300 lux top leaf illumination provided by intermixed 
Sylvania Lifeline P40D and Sylvania Lifeline F40W fluorescent tubes. 
Green pods (between 0.5 and 5.0 cm) were aseptically split open and 
both the seeds and inner epidermis layers were removed. The surface 
below the inner epidermis was scored with forceps and each pod half was 
cut into cross sections approximately 3 mm in width. The pods were har­
vested fresh or incubated overnight in Murashlge-Skoog (MS) medium (Mura-
shige and Skoog, 1962) with and without 10 mM/1 of arglnine. 
Following either sequential or mixed enzyme incubation, described in 
previous sections, the resulting suspension of cells, protoplasts, and 
cellular debris was rapidly cooled in an ice bath. The number of proto­
plasts released was counted using a henocytometer. The entire prepara­
tion was passed through a 64 ym stainless steel screen to remove pieces 
of Intact tissue. An equal volume of chilled 0.75 M mannitol was added 
to dilute the enzyme and the preparation was layered on a 10 ml cushion 
of cold 21% sucrose and centrifuged at 120 g for 15 minutes to remove 
Intact cells and other debris. The interface layer containing the proto­
plasts was lightly centrifuged (100 g) into a loose pellet, and washed 
twice with chilled protoplast culture medium (Kao, 1977). Finally, the 
protoplasts were resuspended to give a density of at least 1 x 10^ cells/ 
ml. Protoplast viability counts were made using a modified fluorescein 
dlacetate technique of Larkin (1976). Fluorescein dlacetate (Sigma) was 
65 
stored as an acetone stock solution (0.1%) at 0*C. The stock solution 
was added to the protoplast suspension to give a final concentration of 
0.02%. After 10 minutes at room temperature, the protoplasts were exam­
ined for fluoresence with a Zeiss photomicroscope using exciter filter 
BG 12 (ca. 325-500 nm) and barrier filter number 47 (transmits above 
470 nm). 
Â small portion (0.3 ml) of the above protoplast preparation was 
placed In round-bottom screw cap tubes (16 mm x 125 mm). The tubes were 
left undisturbed In an upright position at 27*C In the dark for 3 days 
before an equal volume of fresh culture medium was added. The tubes were 
then placed on a roller drum (5° angle from horizontal) running at 0.2 
rev/minute. After two weeks,definite clumps of cells and procalll were 
observed, and the entire contents of the tubes were transferred to flasks 
containing 25 ml B5 medium (Gamborg et al., 1968) supplemented with 1% 
coconut water. These suspension cultures were maintained at 29°C on a 
reciprocal shaker (130 cycles/mln). Callus cultures were Initiated by 
plating the cell suspension on MS agar medium containing 1.0 mg/1 2,4-D 
and 1.0 mg/1 klnetln. Selected calll were replated on HBM medium (Evans 
et al., 1977) to Induce rooting. Cultures were Incubated In the dark or 
under 2300 lux of Illumination provided by Westlngjhouse F40/AGRO and 
Westlnghouse F40CW fluorescent tubes In an alternate arrangement (16 hour 
light cycle). 
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Isolation and Cultivation of Soybean 
Mesophyll Cells 
Leaves were obtained from soybean plants, variety T219, maintained 
In a growth chamber for three or four weeks under a 14 hour light and 10 
hour dark regime at 22*C and 15*C, respectively. Intermixed cool white 
fluorescent (Sylvanla Cool White Life-Line F72T12CW-VHO) and Incandescent 
lights were used to give an Intensity of 6420 lux at bench level. The 
plants were maintained In washed vermlcullte kept moist with Hoagland's 
solution (Hoagland and Amon, 1938). The relative humidity In the 
closed growth chamber was kept at saturation by providing open trays of 
water around the growing plants. 
The locus of strain T219 segregates In a 1:2:1 ratio for normal 
green (NG): light green (LG): yellow (Y) (Figure 1). Although tissue cul­
tures have been established for all three phenotypes (Evans et al., 
1977), only the light green (LG) phenotype was used In this study. 
Leaves of several ages were collected just prior to the beginning of the 
light cycle, or after the plant had been In total darkness for 24 hours. 
Two methods of Isolating Intact mesophyll cells were employed. For 
the enzymatic procedure, sterile leaf pieces were cut Into small pieces, 
aseptlcally weighed, and rinsed with cell/protoplast wash salts (cell/ 
protoplast wash (CFW), see Appendix A) containing 13% mannltol. The 
laminae were then placed In 10 ml of pectlnase or macerase enzyme solution 
and vacuum Infiltrated for 3 minutes. Incubation was carried out In the 
dark on a reciprocal shaker (30 cycles/minute) maintained at 30*C. At 
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the end of 3 and 6 hour Incubation periods the number of single cells 
released by enzymatic treatment were counted using a hemocytometer. 
After 3 hours of Incubation a sample was aseptlcally poured throu^ a 
64 yin nylon screen to separate single cells from the leaf debris. Finally, 
the cells were resuspended In 5 ml of HRM medium (Evans et al., 1977) In 
50 ml Erlenmeyer flasks and placed on a reciprocal shaker (30 cycles/mln) 
and Incubated In the dark at 30*C. 
Mesophyll cells were also Isolated by mechanical means. In this 
case the mid ribs of the leaves were removed and the remaining tissue was 
placed In Isolation solutions consisting of growth media, water, the wash 
medium without enzyme of Servaltes and Ogren (1977a), or CFW-MES salts, 
each with or without a mannltol osmotlcum. For CPW-MES, 20 mM MES (2[N-
Mbrphollno]ethane sulfonic acid) was added as a buffer. The pH of this 
solution was adjusted to 5.6 prior to filter sterilization. The leaf 
tissue was then either ground with a sterile smooth mortar for 2 minutes 
or placed In a 50 ml flask containing a 38 x 8 mm smooth Teflon magnetic 
stir bar. Gentle grinding with the mortar yielded a dark green solution 
containing many separated mesophyll cells. When the stir bar was used, 
5 ml of the appropriate Isolation solution was added to the leaf pieces 
and the preparation was placed on a Bellco magnetic stirrer (Magnestlr, 
Bellco Glass Co., Vlneland, N.J.). The stirrer was set at "fast" which 
caused the bar to bounce and skip about, freeing many of the mesophyll 
cells from the larger leaf pieces. This beating action was continued for 
3-5 minutes or until a green solution of suspended cells was obtained. 
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Following mechanical release the preparations were poured througjh a 
stainless steel screen (64 urn openings) to remove Intact leaf tissue. 
The separated cells were washed 3 times by gentle centrlfugatlon In the 
appropriate Isolation solution and resuspended in growth medium. Samples 
of this suspension were used for viability counts taken at various time 
Intervals after isolation. Cell viability was determined by the dye 
exclusion method of Ranai and Edwards (1973a). Equal volumes of Evan's 
blue (2.5%) and cell suspension were mixed on a microscope slide. After 
5 minutes the cells were scored as alive if they excluded the dye and 
dead if they absorbed it. 
Cell cultures of leaf mesophyll cells were initiated by placing 5 ml 
of suspension in a sterile 25 ml foil-covered Erlenmeyer flask or by 
spreading 0.3 ml of cell suspension over the surface of agar medium. 
Flask suspension cultures were maintained on a reciprocal shaker (30 
cycles/mln). Semisolid agar cultures were maintained in 60 x 15 mm or 
100 X 15 mm culture dishes sealed with parafilm. The cultures were incu­
bated at 25'C in the dark or under 2300 lux of illumination provided by 
Westinghouse F40/AGR0 and Westlnghouse F40CW fluorescent tubes in alter­
nate arrangement (16 hour day length). Conditioned B5 medium (C B5) was 
prepared by growing suspension cultures of cells derived from soybean pod 
protoplasts (see previous section) on 50 ml of B5 medium (Gamborg et al., 
1968) supplemented with 1% coconut water. Actively growing suspension 
cultures were maintained for 4 days (logarithmic phase) on a reciprocal 
shaker (60 eyelea/mln) at 20*C. At the end of this incubation period. 
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the contents were poured through a 64 um screen. The fluid portion that 
flowed through the screen was collected, resterillzed by filtration (0.45 
yQ Millipore membrane), and stored frozen until needed. 
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RESULTS 
Growth and Differentiation of Com Tissue in 
Culture 
Com provides an exceptionally useful study system, not only 
because of its economic importance, but also because of the extensive 
varieties and genetic information that is presently available. Maize 
tissue can now be easily maintained in vitro for extended periods of 
time (see review, Freellng et al., 1976). However, to date, the only 
regeneration of plants from cultured tissue has been limited to specific 
embryonic tissues of select corn varieties (Green and Phillips, 1975; 
Harms et al., 1976). 
In order to determine which tissue and which varieties of com 
were most likely to show morphogenesis in culture, a preliminary survey 
was conducted using tissue expiants maintained on standard medium supple­
mented with various concentrations of 2,4-D. The results of some of 
these studies are presented in Table 4. 
Growth regulators have been shown to play a significant role in 
plant tissue growth and differentiation (Skoog and Miller, 1957). It 
has also been shown that com tissue expiants will grow in the absence 
of an exogenous source of cytoklnin, but a supply of auxin is necessary 
for tissue development in culture (Green et al., 1974). 
While the exact role the auxin plays in the growth of monocot tis­
sue cultures is still unknown, it has been widely studied in connection 
with differentiation. Earlier work by Nishl et al. (1968) showed that 
Table 4. Typical growth pattern of various com tissue expiants 
Varleti 
Explanted 
Tissue 
Plant 
Stage 
Culture 
Media 
Growth 
Sunnlement 
Months Number of 
^ Paggag^g 
Typical Type 
A632 discs from 
growing point 
5 leaf 
stage 
agar 
MS a 
O.Smg 2,4-D/l 7 2 callus/roots 
Â632 discs from 
growing point 
5 leaf 
stage 
agar 
GR* 
2mg 2,4-D/l 4 2 callus/roots 
M037 X N28 discs from 
growing 
point 
6-10 
leaf 
stage 
agar 
MS 
2mg 2,4-D/l 
Img 2,4-D/l 
9 3 callus/roots 
cell clumps 
M037 X N28 discs from 
growing 
point 
12-15 
leaf 
stage 
agar 
MS 
2mg 2,4-D/l 11 2 callus/roots 
M037 X N28 discs from 
growing 
point 
12-15 
leaf 
stage 
agar 
MS 
l.Omg 2,4-D/l 
Img kinetin/1 
17 3 callus/roots 
Â188 discs from 
growing 
point 
4 leaf 
stage 
agar 
MS 
Img 2,4-D/l 2 2 callus/roots 
A632 root 
sections 
sprouted 
seedling 
agar 
MS 
0.025mg 2,4-D/l 5 1 abundant roots 
Â632 mesocotyl 
region 
sprouted 
seedling 
agar 
MS 
2mg 2,4-D/l 9 2 callus/roots 
Â632 mesocotyl 
region 
embryo 
sprouted 
on PDA® 
agar 
6R 
Img 2,4-D/l 10 1 callus/roots 
A188 mesocotyl 
region 
embryo 
sprouted 
on PDA 
agar 
MS 
0.5mg 2,4-D/l 11 5 callus/root 
A188 coleoptilar 
node 
embryo 
MS agar 
agar 
GR 
O.Smg 2,4-D/l 1 1 leaf expansion 
whole plant/roots 
A632 imbibed 
embryo 
48 hr 
imbibed 
seed 
agar 
MS 
img 2,4-D/l 7 2 callus/roots 
A632 Imbibed 
embryo 
48 hr 
imbibed 
seed 
agar 
MS 
O.Smg 2,4-D/l 3 1 callus/roots 
A632 imbibed 
embryo 
48 hr 
imbibed 
seed 
agar 
GR 
Img 2,4-D/l 2 3 callus/roots 
A188 Immature 
embryo 
and 
scutellum 
embryo agar 
14-19 GR 
days post 
pollination 
l.Omg 2,4-D/l 1 1 callus/green 
centers multiple 
plantlet 
formation 
^Murashlge-Skoog Medium 
^Green's Medium 
'^Potato Dextrose Agar 
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rice tissue grown in a medium deficient in auxin differentiated to form 
roots, shoots and whole plants. Green and Phillips (1975) found that 
while 2,4-D was necessary for initiation of growth in explanted scutellar 
tissue, root development occurred only when the 2,4-D concentration was 
reduced. In consideration of the above evidence, particular emphasis was 
placed on growing various com tissue expiants on differing concentra­
tions of 2,4-D. 
The reasoning behind the use of primary cultures in these studies 
lies in the fact that the inception of organs occurs most frequently in 
recently isolated tissue (Reinert et al., 1977). Typically this differ­
entiating capacity wanes with prolonged in vitro culture. 
For the most part inbred varieties of com were used in an attempt 
to standardize genetic influences as much as possible. The three varie­
ties used in this study were chosen for different reasons. Burr and 
Nelson (1972) reported that mesocotyl tissue from Inbred Â632 initiated 
callus growth especially well on Murashlge-Skoog medium containing rela­
tively high amounts of 2,4-D. Variety Mo37 X N28, a single hybrid cross 
dent com, was picked because of its hybrid nature and availability at 
the time of the study. Inbred variety A188 is particularly attractive 
for this type of investigation. Green and Phillips (1975) demonstrated 
that embryonic scutellar tissue from developing kernels of this variety 
could be Induced to differentiate merlstematic centers capable of form­
ing complete plants under the right culture conditions. 
Particular emphasis was placed on rapidly growing centers within 
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the com plant. These areas contain meristematlc tissue from which the 
rest of the plant develops. Therefore, the possibility of deriving cul­
tures of morphogenlc tissue from the growing points of developed plants 
was Investigated first. Young maize plants have an active merlstem at 
the first node region. This node normally develops Into the various 
aerial parts of the plant. Disc shaped sections (1 mm thick) were cut 
across this stem node region of vermlcullte grown A188 and Â632 plants 
In the 4 to 5 leaf stage. Typical growth responses of these expiants 
maintained on standard medium containing 0.5-2.0 mg/ml of 2,4-D are pre­
sented in Table 4. These expiants developed callus and root tissue 
under the conditions tested. The calll and roots appeared to arise pri­
marily from the periphery of the discs where the leaves had been removed. 
Similar discs taken from older, 6-15 leaf field grown plants behaved In 
much the same manner when placed on MS medium containing 1-2 mg/1 2,4-D. 
The presence of klnetln in the growth medium did not alter this response. 
Secondary cultures of this tissue passed to media containing reduced 
amounts of 2,4-D or deficient in growth regulators followed the same 
growth pattern as the parent without further differentiation into shoots 
or leaf parts. 
Since the entire structure of the com plant grows and develops 
rapidly during the early seedling stage, it is conceivable that tissues 
from these early stages may be more capable of continued growth and dif­
ferentiation when cultured in vitro. This concept is supported by Harms 
et al. (1976) who reported that they were able to initiate plantlet form-
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atlon from callus cultures derived from mesocotyl tissue of four-day 
com seedlings. 
Hypocotyl and root sections, taken from seedlings, axenlcally 
sprouted In water, continued to develop as root tissue In culture (Table 
4). Tissue expiants from the mesocotyl region typically formed callus 
tissue as well as roots. Occasionally, green structures would appear 
on the tissue when It was placed In light, but these structures failed 
to differentiate or develop further. No plantlets or sprouts were 
observed In these cultures, even though In some cases the tissue was main­
tained or passed to media with reduced amounts of auxin. 
If embryos were dissected from Imbibed seeds and placed on potato 
dextrose agar, which provides carbohydrate nutrients without Interference 
of growth factors, small coleoptlles formed. These coleoptlies had a 
prominent nodular region, the coleoptllar node (Figure 2). One milli­
meter disc expiants taken through this nodular region developed In a 
variety of ways when they were placed on Green's medium supplemented with 
0.5 mg/1 2,4-D (Table 4; Figure 4). Expiants taken from the distal end 
(nearest the developing leaves) typically formed bits of expanded leaves. 
Expiants from the mid nodular region often regenerated Into whole plant-
lets or developed calll with green portions that fall to develop further. 
Discs cut from the other end of the node (the end nearest the developing 
stem) either failed to live or developed callus tissue and adventitious 
roots. 
In this case, the resultant growth of the node expiants is consld-
Figure 4. A three week culture of tissue explanted from the coleoptllar 
node region of com strain A188 grown on Green's Agar Medium. 
Expiants to the left of the dish were from the distal end of 
the node (end closest to the coleoptlle leaves). These 
expiants normally form expanded leaf tissue, but fail to 
develop further. Expiants to the right were from the proximal 
end of the node. These expiants typically form white root 
tissue. One expiant taken from the mid portion of the node 
formed a whole plantlet (shoot and roots). X 1.5 
Cffi 
ered to be simply a continuation of the growth of structures that were 
predetermined by relative position of the explanted tissue. Leaf tis­
sue was formed by tissue already determined to become leaf tissue. Root 
formed on expiants of the stem closest to the portion of the seedling's 
roots. In each case only one plantlet was formed from sections taken 
from the mid region of the node containing tissue destined to become 
roots and leaves. Subsequent passage of tissue from these and other 
node sections to medium containing reduced auxin failed to alter the 
apparently set differentiation pattern. 
The work of Green and Phillips (1975) has set the precedence for 
using even younger com embryos as a source of totipotent tissue. These 
workers demonstrated that the scutellar tissue explanted from certain 
varieties would continue to grow and differentiate in culture. 
Attempts were first made to derive differentiating tissues from 
mature embryos (embryos taken from fully formed dry seeds). Explanted 
water imbibed A632 embryos, with attached scutellum, were cross cut into 
1 mm sections and placed on Green's agar medium with 1.0 mg 2,4-D/llter. 
Representative growth of these section expiants is presented in Table 5. 
None of the sections formed differentiated shoots, but those sections 
taken from areas nearest the tip (hypocotyl-radlcle end) of the kernel 
gave rise to roots and calli. Embryo sections taken further away from 
the tip gave rise to expanded leaf tissue which soon underwent necrosis 
(Figure 5D). The duration of imbibition appeared to have some effect on 
the number of sections that grew in culture, but had little or no effect 
Figure 5A. Embryonic scutellar tissue taken from developing A188 seeds, 
14 days after pollination. Embryos with scutellum attached 
were explanted from the Immature kernels and placed directly 
on Green's agar medium with 1 mg 2,4-D/l. The scutellar tis­
sue expands and frequently forms multiple green merlstematlc 
centers which are capable of forming com plantlets. 1 X 
Figure 5B. Shoot growth from an Isolated green center that developed on 
cultured scutellar tissue. This shoot was grown on Green's 
medium with a reduced amount of 2,4-D (0.125 mg/1). A root 
has developed (arrow) from the side of the callus piece. 
X 1.8 
Figure 5C. Developing shoots derived from expiants of cultured embryonic 
A188 scutellar tissue. This expiant was maintained on 
Green's medium without auxin. Multiple leaves developed 
over the entire surface and numerous roots formed penetrat­
ing deep Into the agar. X 2 
Figure 5D. One week growth of sections taken from mature (dried) 
embryos. The embryos with scuttelum attached were Isolated 
from Imbibed kernels and cross-sectioned (1 mm sections) 
and placed In contact with the agar surface. Sections 
taken closest to the radicle were positioned at the upper 
portion of the plate. These sections typically gave rise 
to roots and callus tissue. Sections taken from the develop­
ing coleoptlle expanded (arrow), but failed to form roots. 
The scutellar tissue remained dormant. XI 
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on the nunter of expiants showing leaf expansion or rootlet development 
(Table 5). Thin sections taken from the imbibed scutellum remained dor­
mant throughout the culture period. 
Attempts were also made to Initiate cultures from Immature embryos. 
Embryos with attached scutella were extracted from developing A188 ker­
nels 14 to 19 days following artificial pollination. These embryo 
expiants developed masses of tissue that formed multiple differentiated 
green patches (green centers) which readily developed Into plantlets when 
they were placed on a medium with a reduced amount of auxin (Table 4), 
The Influence of embiryo age on scutellar tissue differentiation was 
investigated further by Isolating embryos at different time Intervals 
following pollination. The optimal embryo age for growth and green center 
initiation was found to be 13 to 14 days after pollination (Table 6). 
As many as 31% of the 14-day post pollinated embryo expiants devel­
oped green centers and 17% of these eventually formed multiple whole 
plants (Table 7). Best scutellar growth occurred when the embryo axis 
was placed directly in contact with sterile Green's agar medium contain­
ing at least 1.0 mg/1 2,4-D. This positioning of the embryo axis was 
found to be critical. When the embryo was oriented on top of the scutel­
lum, it expanded and grew at the expense of the scutellar tissue. In the 
"embryo down" position, the first sign of growth was a marked enlargement 
of the scutellum which soon became irregular in shape. If maintained in 
the light, localized green areas developed. These localized differentia­
tion centers continued to develop into disorganized parts of leaves or 
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Table 5. Growth and morphogenesis of cross-cut sections of A632 embryos 
on Green's medium containing 1.0 mg 2,4-D/l. Seeds were 
Imbibed in water for various time periods. The embryos were 
dissected out and cross-cut Into 1.0 mm sections 
Time Imbibed % Growing % Showing Leaf % Forming 
Expansion Roots 
15 hours 33 19 11 
24 hours 17 14 3 
36 hours 22 17 6 
highly organized whole leaves (Figure 5A). Other regions of the expanded 
scutellum formed what appeared to be unorganized white callus tissue. 
This tissue frequently formed multiple short poorly developed roots. 
The presence of at least 1.0 mg/1 2,4-D was essential for scutellar 
growth. Embryos with Intact scutellum placed on medium containing less 
auxin either died or grew poorly. Continued maintenance of the tissue 
on medium containing more than 1 mg/1 2,4-D discouraged the differentia­
tion of green centers while promoting disorganized growth. Best differ­
entiation and plantlet formation occurred when the scutellar tissue was 
maintained on Green's medium supplemented with 0.5 mg 2,4-D/l. At this 
level of auxin multiple sprouts frequently developed from the green 
centers (Figure 6). Once formed, the sprouts could be separated from the 
main tissue mass and placed on medium containing reduced auxin (0.125 
83 
Table 6. The effect of age on growth and differentiation of embryonic 
A188 scutellar tissue cultured on Green's medium containing 
1.0 mg 2,4-D/l 
Days After Average Embryo Typical Type 
Pollination Length of Growth 
13-14 2.3 t 0.4 mm green centers 
multiple plantlets 
18 4.7 ± 0.6 mm embryo expands 
scutellum forms 
callus/roots 
19 6.7 ± 0.5 mm embryo grows 
scutellum 
expands and died 
Table 7. Growth and morphogenesis of A188 scutellum tissue from 14-day 
post pollinated expiants. Embryo expiants were grown on 
Green's medium. 
Number Number Number Forming Number Number 
Planted Growing Green Centers Forming Roots Forming Plants 
36 35 11 (31^® 18 (51) 6 (17) 
*(#) percentage of total embryos explanted. 
Figure 6. Cultured scutellar tissue maintained for more than 3 years 
by serial passage on Green's medium with 0.5 mg/1 2,4-D. 
This tissue was derived from embryonic scutellar tissue 14 
days after pollination. The tissue still formed green 
centers, each of which would be potentially capable of form­
ing a whole com plant. X 4 
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mg/l 2,4-D) which promoted further leaf growth (Figure 5B). Further 
passage of the shoot to auxin deficient Green's medium encouraged abun­
dant root growth (Figure 5C). 
A culture of differentiating scutellar tissue has been propagated 
In the laboratory for three years (Figure 6). During the course of this 
time,many com plants were recovered from this cultured tissue. This 
differentiating tissue was also used as a source of material for proto­
plast Isolations. 
Isolation and Growth of Com Protoplasts 
Many attempts have been made to culture com protoplasts (see review 
Potrykus et al., 1976). For the most part, these studies have employed 
leaf tissue as the source of homogenous protoplasts. With few exceptions 
(Ivantsov and Akhmetov, 1979) these attempts have failed to produce 
growing cells or tissue in culture. In working with protoplasts. It Is 
clear that attention must be paid to three Important aspects. First, an 
effective isolation procedure must be developed. This Involves surface 
sterilization of the tissue, followed by complete or partial enzymatic 
breakdown of the cell wall leading to subsequent protoplast release. 
Secondly, following liberation the protoplasts must be quickly separated 
from whole cells, undigested tissue debris, any toxic products released 
by the tissue breakdown, and enzyme mixture. Thirdly, suitable condi­
tions must be found for the maintenance and growth of the protoplasts. 
This Involves paying particular attention to osmotic conditions, nutri­
ents and other stimuli necessary for cellular proliferation. 
87 
This study was conducted using the following approach. Corn leaf 
tissue was used as a prototype system to gain familiarity with the hand­
ling of com protoplasts and to determine which enzymatic procedures and 
culture techniques were best suited for protoplast release and survival. 
Once a satisfactory method of isolation was developed, it was applied to 
other tissues showing growth and differentiation in culture. 
The efficiency of several commercially available plant tissue degrad­
ing enzymes, for releasing protoplasts from com leaf tissue, is shown In 
Table 8. Leaves from young Â632 and Â188 com plants (in the five leaf 
stage of growth) were used in these studies. All of the enzymes were 
Incorporated Into an osmotic solution containing 600 mM glucose, 6 mM 
m CaClg, and 0.7 nM NaH^Po^. The progress of the enzymatic treatment 
was monitored at time intervals up to 6 hours. Commercial cellulases 
obtained from Worthlngton Biochemlcals, Sigma and Calbiochem were ineffec­
tive in cell wall degradation. Supplementation of these cellulases with 
pectinase and hemlcellulase also failed to release protoplasts. Only the 
more active, commercial enzymes, Cellulysln (Calbiochem) and Cellulase 
RIO (Kinkl Yakult Manufacturing Co.), were found to be useful in releas­
ing protoplasts from com leaf tissue. 
Microscopic observation revealed that two types of protoplasts were 
liberated from com leaf tissue upon enzymatic treatment. The majority 
of them had an average diameter of 8.8 ± 1.6 and tended to be compact, 
green in color, and contained numerous chloroplasts (Figure 7A). A few 
large colorless protoplasts (up to 28 ym) » were also observed. These 
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Table 8. The effect of commercial enzymes on com leaf tissue 
Enzyme 
Percent 
Concentration Results 
Cellulase 11 (W) 
pectlnase (S) 
cellulase (S) 
pectlnase (S) 
cellulase (S) 
pectlnase (S) 
cellulase (C) 
pectlnase (S) 
cellulase (S) 
pectlnase (S) 
hemlcellulase (S) 
pectlnase (S) 
Cellulysln (C) 
Cellulase RIO (K) 
Macerozyme RIO (K) 
Cellulysln (C) 
Cellulysln (C) 
2.0 
2.0 
2.0 
2.0 
5.0 
2.0 
5.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
5.0 
2.0 
1.0 
2 .0  
no protoplasts 
no protoplasts 
no protoplasts 
no protoplasts 
no protoplasts 
protoplasts 
protoplasts 
protoplasts 
protoplasts 
(W) Worthlngton Blochemlcals 
(S) Sigma 
(C) Calblochem 
(K) Klnkl Takult Manufacturing Co. 
Figure 7Â. Small green protoplasts from com leaf tissue. These proto­
plasts are relatively compact, but often contain a prominent 
vacuole (v) along with numerous chloroplasts. These proto­
plasts measure approximately 5.1 ym. X 612 
Figure 7B. Large colorless leaf protoplast from com. Note the highly 
vacuolated nature of the protoplast. Cytoplasmic strands 
communicate between the central nucleus and the periphery 
(arrow). Often particles can be seen streaming along some 
of these strands. X 1620 
Figure 7C. Com leaf protoplasts after 16 days In Zg medium. The round 
protoplast has Increased In size and retained refractive 
chloroplasts while the shriveled protoplast (arrow) has lost 
its shape and is presumed to be dead. X 765 
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larger protoplasts were extensively vacuolated and exhibited many fine 
radial cytoplasmic strands which showed active streaming and appeared to 
communicate between the periphery and the usually centrally located 
nucleus (Figure 7B). No plastlds were observed In any of these larger 
protoplasts. 
A time course for protoplast release from com leaf tissue Incubated 
In 1% Cellulysln Is shown In Figure 8. There was a steady and rapid 
release for the first 4 hours of enzymatic treatment. After this Initial 
stage, the number of protoplasts remained relatively constant for the 
next hours, and then began to drop off with continued exposure to the 
c 
enzymatic solution. The highest counts of approximately 6 x 10 proto­
plasts per gram of leaf tissue were obtained in approximately 4-5 hours 
of Incubation at 30"C. Apparently prolonged exposure to enzyme or the 
osmotlcum causes some of the protoplasts to become unstable and rupture. 
Since an abundance of protoplasts could be readily obtained from 
leaves by enzymatic means, work could proceed on maintaining the proto­
plasts In culture. However, attempts to grow com leaf protoplasts on 
Green's medium supplemented with 0.5 and 1.0 mg 2,4-D per liter and on 
Kao's protoplast medium (Kao, 1977) failed. After two days in culture, 
the protoplasts had become misshapen, hi^ly vacuolated, free of chloro-
plasts, and less than 2% stained with fluorescein dlacetate (FDA). 
Lack of success with growing com leaf protoplasts in culture led 
to consideration of using other types of maize tissue which might have a 
greater potential for ^  vitro growth (Table 9). 
Figure 8. Time course release of protoplasts from corn leaf tissue 
Incubated at 30*C In 1% Cellulysln, 600 mM glucose, 6 mM 
CaClg and 0.7 mM NaHgPo^. 
Number of Protoplasts Released per Gram of Leaf Tissue 
(Log scale) 
U1 
NI 
in 
m 
00 
o 
E6 
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Table 9. Cellulase enzymatic treatment of com tissue 
Enzymes 
Percent 
Concentration Tissue Type Results 
cellulase (S) 2.0 
pectlnase (S) 2.0 
cellulase (C) 2.0 
pectlnase (S) 2.0 
cellulase (S) 2.0 
pectlnase (S) 2.0 
hemicellulase (S) 2.0 
Cellulysln (C) 2.0 
Cellulysln (C) 2.0 
pectlnase (S) 2.0 
Cellulysln (C) 2.0 
pectlnase (S) 2.0 
Cellulysln (S) 2.0 
pectlnase (S) 2.0 
hemlcellulase (S) 1.0 
Cellulysln (C) 1.0 
Macerozyme RIO (K) 2.5 
Drlselase (KH) 3.0 
Macerozyme RIO (K) 2.0 
Cellulase RIO (K) 5.0 
Macerozyme RIO (K) 3.0 
Cellulase RIO (K) 2.0 
Macerozyme RIO (K) 3,0 
Cellulase RIO (K) 5.0 
root 
root 
root 
root 
root 
no protoplasts 
no protoplasts 
no protoplasts 
protoplasts 
protoplasts 
apical node few protoplasts 
apical node few protoplasts 
callus from 
apical node 
callus from 
apical node 
callus from 
apical node 
callus from 
scutellum 
callus from 
scutellum 
no protoplasts 
no protoplasts 
few protoplasts 
protoplasts 
(4.0 X 10^/gr tissue) 
protoplasts 
(1.2 X 10®/gr tissue) 
(S) Sigma 
(C) Calblochem 
(K) Klnkl Yakult Manufactorlng Co. 
(KH) Kijowa Hakko Kogyo Co. 
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The commercial cellulases were found to be Ineffective In releasing 
protoplasts from com roots; however, a few protoplasts were released 
when the root tissue was Incubated In 2.0% Cellulysln. Incorporation of 
pectlnase In the cellulase Incubation medium did not Improve the proto­
plast yield. 
3 • • 
Even fewer protoplasts (10 per gram of tissue) were released from 
discs cut from the apical nodes of young com plants, when they were 
Incubated In 2.0% Cellulysln and 2.0% pectlnase. The addition of 2.0% 
hemlcellulase did not aid in protoplast release. This source of proto­
plasts was not pursued due to the low numbers obtained. 
Another possible source of protoplasts Is com tissue actively grow­
ing In culture. Some of the advantages to the use of this type of tis­
sue are: (1) there Is no need for exposure of axenlcally grown tissue 
to harsh sterilizing agents, (2) some success has been made In culturlng 
protoplasts from tissue established In culture (Fotrykus et al., 1979), 
and most Important, (3) whole plantlets have been regenerated from cul­
tures of embryonic scutellar tissue (see previous section; Green and 
Phillips, 1975). 
Cultured tissue, derived from com plant tissue expiants, is quite 
dense in nature and often consists of a mass of roots rather than undif­
ferentiated callus (Mbtt and Cure, 1977). In general, the cells of this 
type of tissue proved to be resistant to enzymatic treatment. Incubation 
in 1.0% Cellulysln for an extended period of time failed to release proto­
plasts from calll derived from apical node expiants that had been main­
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tained in culture for 5 to 6 passages (see Table 9). A combination of 
2.5% Macerozyme RIO and 3.0% Driselase also failed to break down the cell 
walls enough to allow protoplast release. However, a mixed enzymatic 
treatment consisting of 2.0% Macerozyme RIO and 5.0% Cellulase RIO was 
found to be effective in releasing low yields of protoplasts from this 
type of cultured com tissue. Macerozyme RIO and Cellulase RIO were also 
instrumental in releasing protoplasts from differentiating tissue derived 
from embryonic scutellum. In this case, a two step sequential enzyme 
treatment was employed. The tissue was aseptically chopped into small 
pieces and incubated first in 3.0% Macerozyme RIO for 2 hours prior to 
incubation in Cellulase RIO. Following a prolonged (9 hour) incubation 
in 2.0% cellulase, few protoplasts (4.0 x 10^/gram of tissue) were 
released from the root and callus masses. At this point,it was impos­
sible to tell whether these protoplasts were coming from the callus mass 
or differentiated tissue. 
Leaf tissue taken from this same differentiating source gave high 
5 
yields (above 10 protoplasts/gram of tissue) following a sequential 
incubation first in Macerozyme RIO and then in Cellulase RIO. In this 
case, the experimental design was based on the theory that protoplasts 
from leaf tissue preadapted to growth in culture might have a better 
chance to regenerate and grow when challenged (Cocking, Nottingham, 
England, 1979 personal communication). 
Plantlets were allowed to regenerate from cultures of A188 scutellar 
expiants and grown in Green's medium supplemented with 0.5 mg 2,4-D/l to 
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the three leaf stage. Since Cellulysin was effective in releasing proto­
plasts when used alone, it seemed to be the sing)lest enzyme system to 
assess. The leaves were harvested from the plantlets, cut into fine 
strips and incubated in an enzyme solution containing 1.5% Cellulysin, 
0.6 M mannitol and 8 mM CaClg. This system yielded 4.4 x 10^ proto­
plasts/gram of leaf tissue after five hours of Incubation. The proce­
dural outline for com protoplast isolation is given in Figure 3. 
Potrykus et al. (1977) were first to successfully culture proto­
plasts from com stem tissue. The protoplasts were cultured by a micro-
drop array technique which permitted the screening of thousands of media 
variations. This made it possible to determine those conditions required 
to obtain sustained cell division. From this work, an entirely new 
medium "P2-mod" was developed. The formula for this medium, along with 
Kao's protoplast medium (Kao, 1977) and Green's com medium (Green and 
Phillips, 1975), was used to compound a Z medium for the culture of leaf 
protoplasts (see Appendix A). 
The "normal" concentration of sucrose, sorbitol, and mannltol were 
arbitrarily set at that recommended by Potrykus et al. (1977). Since 
the compounded medium contained many additives not Included in the origi­
nal "P2-mod" medium alteration of the osmotlcum level was made in an 
attempt to compensate. The total sugar concentration of the newly devised 
Z medium was in one case reduced by one-quarter of normal (Z^) and in 
another case increased by one-quarter of normal (Z ) (see Appendix A). 
• 
Small portions of protoplast suspension (0.3 ml) were dispensed to 
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sterile screw-cap culture tubes and placed on a roller drum. After 24 
hours in culture, samples from each of the media containing different 
sugar concentrations (Z, and Zg) had a few living protoplasts. These 
protoplasts were highly vacuolated and exhibited active cytoplasmic 
streaming. The majority of the protoplasts were shriveled and no longer 
had refractory plastlds (Figure 7C, arrow). These protoplasts were pre­
sumed to be dead. Examination of the cultures after 15 days revealed 
that there were no living cells in the medium containing either the 
reduced amount of sugar (Z^) or the medium with the same concentration of 
sugar as normal for the "F2-mod" medium of Potrykus et al. (1977). There 
were, however, a few large empty looking cells present in the medium 
containing an elevated sugar content (Zg) (Figure 7C). 
These protoplasts had clearly regenerated a cell wall as was evident 
from microscopic observation. Even though these cells stained faintly 
with fluorescein dlacetate and strongly resembled the cultured com leaf 
protoplasts described by Ivantsov and Akhmetov (1979), they failed to 
divide upon prolonged maintenance in this growth medium. 
Growth and Morphogenesis of Primary Cultures 
of Soybean Tissue 
Cell suspensions and/or callus cultures have been described for 
numerous legumes including garden, field crop and foliage species. A 
number of these cultures have been Induced to regenerate plants or undergo 
some degree of organogenesis (see literature review). Mhst recently, 
embryos and whole plants have been successfully obtained from callus and 
99 
regenerated protoplasts of Medlcago satlva (Walker et al., 1979; Kao and 
Mlchayluk, 1980; dos Santos et al., 1980). These studies indicate the 
potential for use of in vitro techniques in legume research. 
Even though soybeans (Glycine max L.) have been maintained in vitro 
since the 1960s (Miller, 1961), progress towards the regeneration of 
whole plants from cultured tissue has at best been slow and difficult. 
Typically, soybeans, like many other plant species, seem to lose their 
capacity for differentiation and plant regeneration once they are main­
tained in vitro (Oswald et al., 1977; Beversdorf and Bingham, 1977). 
This lack of differentiation response may be due to subtle changes occur­
ring in the plant tissue Itself. The genome may become increasingly 
unstable as the tissue is cultured artificially (Reinert et al., 1977; 
Kao, 1977). Another possibility is that the Inductive conditions neces­
sary for differentiation have not yet been applied (see Walker et al., 
1979; dos Santos et al., 1980). On the other hand, primary cidtures of 
soybean tissues have shown some degree of morphogenesis in culture 
(Kimball and Bingham, 1973; Evans et al., 1977). It Is for these reasons 
that the emphasis of this study was placed on the growth response of 
primary (tissue freshly removed from the plant) expiants. 
The search for a tissue culture system capable of differentiating in 
vitro was initiated by subjecting the expiants of different varieties and 
tissue types to standard culture conditions in order to determine if any 
would undergo differentiation, organogenesis, or Ideally whole plant 
regeneration. If such a system could be found, protoplast and cell isola-
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tlon procedures could be focused in an attempt to obtain and identify 
units capable of regeneration. 
In general tissue expiants taken from Glycine max plants formed 
callus tissue when cultured on MS medium supplemented with 1 mg/1 kinetin 
and 0.5-1.0 mg/1 2,4-D (Table 10). However, a few tissue types, stamens, 
pod sections, and stem pieces were found to form calli and roots. Fur­
ther experimentation was conducted on each of these tissues in an attempt 
to better define the conditions necessary for induction of morphogenesis. 
Growth and organogenesis of stamens in culture 
The stamen of soybean flowers compose a diadelphous androecium 
(Carlson, 1973). The filaments of nine of the stamen are fused and wrap 
around the pistil in an elevated position. A single posterior stamen 
remains separated from the other nine. 
Whole diadelphous stamens were excised at the nectary from young 
(2.5 to 3.5 mm) flower buds taken from greenhouse plants of G. max. 
Variety T219. At this stage the corolla is green and the majority of 
microspores are in the late tetrad stage (Ivers et al., 1974). 
Whole androecia (anthers and filaments) were laid flat on the sur­
face of the growth medium. As many as 51% of these expiants formed calli 
if they were maintained on MS medium supplemented with 2.0% coconut water 
and at least 1 mg each of 2,4-D and kinetin (Table 11). On closer exam­
ination it was apparent that the anthers did not change throughout the 
course of the culture period and the callus growth actually originated 
Table 10. Typical growth of explanted Glycine max tissue on Murashlge-Skoog agar medium 
Soybean 
Varl^g_^ 
Explanted Plant Growth 
_^__^^Suggle^n^___^ 
Months 
Observed 
Number of 
Paasagsa 
Typical Type 
—of Grnwfh 
Beeson eplcotyl 
section 
seedling l.Omg 2,4-D/l 8 4 callus 
Beeson root seedling l.Omg 2,4-D/l 2 - no growth 
Beeson stem seedling l.Omg 2,4-D/l 15 10 callus 
Beeson stem 
7 cm behind 
tip 
mature l.Omg 2,4-D/l 8 2 callus 
P220® stem 
Intemode 
mature l.Omg 2,4-D/l 4 2 callus 
P238^ stem 
Intemode 
mature l.Omg 2,4-D/l 4 2 callus 
Harosoy stem 
Intemode 
mature l.Omg 2,4-D/l 2 - callus 
Harosoy stem 
Intemode 
mature l.Omg 2,4-D/l 2 — callus 
Beeson green pods mature l.Omg 2,4-D/l 2 2 callus roots 
Peking green pods mature O.Smg 2,4-D/l 3 4 callus roots 
Beeson androecla mature l.Omg 2,4-D/l 2 - callus develops 
on filament 
Beeson androecla mature 1.7% CW^O.25 to 
l.Omg 2,4-D/l 
2 - callus 
T219 androecla mature 1.7% CW 
l.Omg 2,4-D/l 
2 - callus roots 
T219 green pods mature l.Omg 2,4-D/l 2 - callus roots 
^Glycine max P220 60 chromosomes. 
V 
Glycine max P238 80 chromosomes. 
'^Coconut Water. 
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Table 11. Stamen and filament growth on MS agar supplemented with 2% 
coconut water and 1.0 mg/1 each of 2,4-D and klnetln 
Number of Percentage Number of Percentage 
Stamen Explanted Forming Calll Filaments Explanted Forming Calll 
11 
9 
7 
12 
73 
56 
43 
33 
51.3 
Standard error"3.8 
5 
4 
12 
10 
40 
25 
25 
20 
27.5 
Standard error-1.9 
from the cut ends of the filaments. If the anthers were removed from the 
filaments a reduced number (only 28%) formed calll. Up to 8% of these 
calll formed adventitious roots upon prolonged Incubation. 
When mature androecla, taken from buds showing white corollas, were 
plated on the same medium, the pollen grains often germinated and formed 
pollen tubes (Figure 9A). Filaments dissected from these older flowers 
failed to grow. There was no evidence of androgenesls or organized 
growth from the anthers of any of the developmental stages challenged. 
Growth and rhlzogenesls of primary cultures of green pod tissue 
Sections from developing pods were Included in the survey of the 
growth of soybean tissue expiants in culture (Table 10). Most of the pod 
tissue expiants were found to give rise to callus tissue in MS medium. 
Figure 9A. Portion of a mature anther cultured on Murashlge-Skoog agar 
medium. The pollen grains have germinated and formed 
prominent pollen tubes. S - stamen, P - pollen grain, 
Pt - pollen tube. X 361 
Figure 9B. Glycine clandestine plantlet which developed from a pod 
expiant. The prominent shoot with well formed trifoliate 
leaves Is growing out of the central region of the callus. 
Aerial roots have an abundance of root hairs while roots 
growing below the agar surface are devoid of root hairs. 
The original pod expiant measuring about 1 mm in length 
can be seen as a dark body (arrow) to the rlgjht of the 
shoot. X 3 
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However, a few of these call! developed roots if they were left in cul­
ture for extended periods of time. This prompted further investigation 
into the possible rhizogenic nature of pod tissue grown in vitro. 
Pod sections, no longer than 3 mm, were taken from developing green 
pods of greenhouse grown soybean plants. Â survey was made of growth and 
rhizogenic capacity of expiants from the pods of several species of Gly-
clofi* as well as several varieties of G^. max (Table 12). The sections 
were challenged on a "high rooting medium" (HBM) which is a modification 
of MS medium developed by Evans et al., in 1977 to initiate maximum root­
ing in primary cultures of soybean leaf tissue. 
Although pod tissue of £. clandestine and G. soja grew very poorly 
on this medium, seven percent of the G^. soja explants formed adventitious 
roots. Pod tissue from only three of the cultivated max varieties, 
Beeson, Linman and T219, gave rise to rhizogenic tissue in culture. It 
is interesting to note that all of the pod expiants of Clark formed calli, 
but none differentiated into root tissue. The exact reason for this is 
unknown, but marked variety differences in in vitro growth patterns have 
been observed for other plant systems (Tamaoki and Ullstrup, 1958; Green 
et al., 1974). Variety T219 was selected for further studies due to its 
availability, ease of handling, proven rhizogenic capacity, and its 
ability to yield viable protoplasts upon enzymatic treatment (see discus­
sion below). 
The effect that the addition of various concentrations of coconut 
water has on the growth and rhizogenic capacity of pod expiants are pre-
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Table 12. Growth of pod explants from various species of Glycine and 
varieties of Glycine max on high rooting medium 
Percent Percent 
Number of Forming Forming 
Species Variety Expiants Callus Roots 
Glycine clandestine 163 33 1 
6. soja 221 22 7 
G. max Richland 76 93 0 
Linman 135 99 2 
Beeson 53 94 9 
Mandarin 52 84 0 
Lincoln 83 76 0 
Harosoy 99 few 0 
Clark 90 100 0 
1219 54 91 7 
sented in Table 13. The highest percentage (7.0) of rooting occurred on 
expiants grown on HRM medium alone. Supplementation of this medium with 
coconut water did not significantly Improve growth or root formation 
over the concentration range tested. 
The possibility that pod size/age may have an effect on the type of 
growth expressed by a pod tissue expiant in culture was also examined. 
Developing green pods were harvested from greenhouse grown G. max, vari­
ety T219, plants and sorted into size groups from 0.5 to 6.0 centimeters. 
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Table 13. Growth of G. max variety T219 on hi^ rooting media 
supplemented with coconut water 
Percent 
Coconut 
Water 
Number 
Plated 
Percent 
Forming 
Callus 
Percent 
Forming 
Roots 
0 
0.50 
1.00 
1.75 
54 
112 
81 
111 
91 
100 
70 
93 
7 
4 
1 
2 
In general, more expiants from older (longer) pods tend to grow on HRM 
medium (Table 14). Expiants from these pods (2.0 to 5.0 centimeters) also 
gave the highest number of root-forming calll. 
Further testing using immature pod tissue from G, clandestine plants 
revealed some interesting findings. Of the expiants grown initially in 
the dark, one half formed callus tissue (Table 15). This callus tissue 
continued to grow without further modification when the cultures were 
exposed to a light-dark regimen (16 hours light, 8 hours dark). If, on 
the other hand, the expiants were grown in the light-dark regimen from 
the beginning, the majority underwent necrosis with only 8.0% forming 
calll. Two of these calll forming expiants developed into complete 
plantlets with normal trifoliate leaves and roots (Figure 9B). 
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Table 14. Effect of pod size on the growth and morphogenesis of 
max variety T219 pod expiants grown on HEM 
Size Range 
(centimeters) 
Number of 
Expiants 
Percent 
Forming 
Callus 
Percent 
Forming 
Roots 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
1.0 
2.0  
3.0 
4.0 
5.0 
6.0 
61 
99 
62 
97 
59 
59 
85 
72 
87 
96 
97 
100 
0 
0 
2 
4 
3 
0 
Table 15. Growth of c^landestina pod sections on high rooting 
medium. "" 
Condition 
Number 
Planted 
Percent 
Forming 
Callus 
Plantlet 
Formation 
Dark (2 weeks) 
Light (2 weeks) 
135 50 None 
Light (1 month) 322 8 2 plantlets 
formed 
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Growth of primary expiants from wild soybean species 
Since little progress has been made with regenerating plants from 
tissue of the cultivated varieties of Glycine max# a series of experi­
ments was conducted to determine how primary tissue expiants from wild 
species of soybean (G. clandestina. tabacina and G. falacata) respond 
to ia vitro growth conditions. This was further encouraged by the fact 
that root morphogenesis and even whole plant regeneration had been 
observed in cultured pod tissue expiants from G. clandestina. 
The typical growth of from ten to twenty expiants of nonmeristematic 
and meristematic soybean tissues taken from mature plants is described 
in Table 16. Nonmeristematic tissue (leaves, pods and intemode stem 
sections) placed on MS medium containing 1.0 mg/1 kinetin and 0.5 - 1.0 
mg/1 2,4-D formed rapidly growing callus which Infrequently developed 
adventitious roots. Medium supplemented with coconut water also sup­
ported callus growth on mature flower parts (petals and stamen) of 
Glycine clandestina. Actively growing centers (stem tips) from mature 
plants of 6^. clandestina behave quite differently in culture. Small 
(1-3 mm) cuttings from the stem apices frequently formed green shoot-like 
processes when grown on MS medium containing 1 mg/1 each of 2,4-D and 
kinetin. If allowed to continue to grow in culture these differentiated 
shoot processes formed trifoliate leaves (Figure lOA). As with the dif­
ferentiated com plantlets, these developing shoots formed adventitious 
roots at their base when they were passed to medium deficient in auxin. 
Once the plantlets were well-established in the auxin free medium, they 
could be transplanted to soil and placed in the greenhouse where they 
Table 16. Cultivation of explanted tissue from different Glycine species. All expiants were 
taken from mature greenhouse plants and placed on MS medium containing 1.0 mg/1 kinetin 
Species 
Explanted 
Tissue 
Additional 
Growth 
Supplement 
Months 
Observed 
Number of 
Passages 
Typical Type 
of Growth 
G. tabacina^ stem l.Omg 2,4-D/l 12 3 callus 
G. tabacina green pods O.Smg 2,4-D/l 1 — no growth 
6. clandestine^ leaf l.Omg 2,4-D/l 2 - callus 
G. clandestina stamen and 
flower parts 
1.7% of 0.25 to 
l.Omg 2,4-D/l 
2 - callus 
G. clandestina stem 
intemode 
l.Omg 2,4-D/l 2 - callus/root 
6. falacata* stem 
intemode 
O.Smg 2,4-D/l 9 2 callus/root 
G. clandestina stem apex l.Omg 2,4-D/l 2 — callus/green 
shoot-like 
processes 
^Glycine tabacina Pl#339.665. 
^Glycine clandestina Pl#321.391. 
^Coconut Water. 
^Glycine falacata Pl#246.591. 
Figure lOA. Stem apex explant (2-3 mm In length) of Glycine clandestlna 
grown for 30 days on Murashlge-Skoog agar medium supple­
mented with 0.5 mg/1 2,4-D and 0.5 mg/1 klnetln. Under 
these conditions the expiant regenerated leaves and roots. 
X 3.4 
Figure lOB. Glycine clandestlna plantlet regenerated from a stem apex 
expiant. This plantlet, upon transplantation to a peat 
pot, matured normally, produced fertile seeds and showed 
the normal 2N"40 chromosome number. X 1.0 
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continued to grow to mature plants (Figure lOB). 
Sections of the first expanded intemode region taken a short dis­
tance behind the growing apex exhibited a different form of growth in 
culture. All of these expiants, which did not contain any part of the 
growing tip, formed callus growth at the cut ends. A few differentiated 
roots, but none of them formed shoots or leaves. 
The discovery that stem apices from mature plants of 6. clandeatina 
underwent development iii vitro prompted further studies to determine if 
these actively growing centers could provide a source of totipotent tis­
sue. The ratio of klnetln to auxin has been shown to be influential in 
initiating regeneration and differentiation in other plant types (Skoog 
and Miller, 1957). Experiments were designed to determine what influence, 
if any, the ratio of growth factors had on the ensuing growth of explanted 
G. clandestine stem apices in culture. Since this is one of the few 
Instances where soybean plant development has occurred in culture, infor­
mation gleaned from these studies might give some insight into the con­
ditions necessary for obtaining differentiation from other soybean tis­
sue in culture. 
For this study, a diallelic pattern of varying amounts of klnetln (0 
to 3.0 mg/1) and 2,4-D (0 to 3.0 mg/1) was employed. Small stem apex 
expiants (no larger than 3.0 mm) were placed on the MS agar surface of 
each of the growth factor concentration combinations and allowed to 
develop 1 month prior to observation. A descriptive representation of 
the resultant growth is presented in Table 17. Stem apices placed in 
115 
Table 17. Glycine clandestlna regeneration of shoots, roots and plant-
lets from stem apex expiants grown on Murashige-Skoog medium 
with various concentrations of 2,4-D and kinetin 
2,4-D mg/1 
0.00 
1.00 
1.25 
1.50 
2.00 
3.00 
N6 NG Se (1) Cal (1) Se (1) 
Rt (1) 
— • 
Se (2) Cal (1) 
1-pl 
Cal (1) 
Rt (1) 
1-pl 
2-pl Cal (2) 
Rt (1) 
1-pl 
NG Cal (3) Cal (3) Cal (3) NG Cal (2) 
Se (1) Cal (3) Cal (2) 
1-pl 
Cal (2) Cal (1) Cal (3) 
Cal (1) 1—pi NG Cal (1) Cal (3) Cal (3) 
Se (2) Cal (1) Cal (2) Cal (2) cal (2) Cal (3) 
(//) Number of expiants observed 
-— Not tested 
N6 No growth 
Cal Callus growth 
Se Shoot expansion 
Rt Root growth 
#-pl Number of plantlets formed 
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medium devoid of growth factors failed to respond. However, those apices 
placed on semi-solid media containing 2,4-D in the absence of kinetin 
underwent some shoot expansion and callus formation. Surprisingly, 
apices placed in media containing only kinetin also underwent expansion 
and callus formation. 
With only one exception (1.0 mg/1 kinetin and 3.0 mg/1 2,4-D), all 
plantlets with shoots and roots were formed on MS medium containing 
between 1.0 to 2.0 mg/1 kinetin combined with 0.25 to 1.0 mg/1 2,4-D. 
Even though the sample size was small, the data suggest that a high 
kinetin to auxin ratio, within the limits specified above, is conducive 
to plantlet formation. Stem tips maintained in media with higher concen­
trations of auxin tended to develop callus tissue. Increasing concen­
tration of kinetin had no effect on this trend. 
In an attempt to better quantitate trends toward apical tip growth 
and plantlet development in vitro, it was necessary to establish arbi­
trary "regeneration values" to describe the degree of morphogenesis and 
regeneration occurring in culture. The descriptive characteristics 
observed and the arbitrary values assigned to each, are presented in the 
Material and Method section. Higher values represent trends towards 
organized growth while lower values indicate poor growth, expansion of 
existing structures, or callus formation. 
The results obtained from subsequent testing, using a lower concen­
tration range of growth factors, were not as conclusive (Figure 11). 
However, certain trends in the growth patterns of apical tissue subjected 
Figure 11. Differentiation of Glycine clandeatlna stem apex expiants 
Induced by dlallellc interactions of klnetln and 2,4-D 
in Murashlge-Skoog medium. Stem apex expiants were 
maintained on the medium for 1 month prior to growth 
assessment. Each bar represents the average data from 
8 replicate observations. See Material and Method section 
for explanation of scoring method. 
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to different klnetln and auxin concentrations did emerge. In essence, 
these results confirmed the earlier findings. Stem tips remained 
unchanged when they were maintained on MS medium devoid of both klnetln 
and 2,4-D. Increasing amounts of both growth regulators In the absence 
of the other stimulated shoot expansion without subsequent root forma­
tion. The most effective concentration range (range giving the most 
plantlets and the highest mean regeneration values) was between 0.25 to 
2.0 mg/1 klnetln and 0.25 to 1.0 mg/1 2,4-D. As the concentration of 
both growth regulators was Increased beyond this range (upper comer of 
the grid) the values became lower Indicating more of a tendency toward 
callus formation. 
Small expiants (<3 mm) of the tip and leaf nodes of plantlets regen­
erated from stem apices could be explanted and placed on growth medium. 
These expiants were also found to be capable of giving rise to plantlets, 
thus providing a means of vegetatively propagating the parent plants in 
culture. 
Information gained from these studies was used to form a basis for 
further experimentation involving the cultivated soybean varieties. 
Growth and plantlet regeneration from Glycine max stem apices in culture 
The success of obtaining plantlets from apical cuttings of the wild 
soybean Glycine clandestine encouraged further investigation into the 
possibility of obtaining similar results from terminal stem cuttings of 
G. max. An attempt was made to regenerate plantlets from expiants of 
fully developed plants. The top three Inches of mature (bud setting) 
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greenhouse grown G. max (T219) plants were surface sterilized in the 
usual manner (see Material and Method section). Following rinsing In 
sterile water apical sections (1-3 mm) were explanted and placed on MS 
agar medium. The concentrations of both klnetln and 2,4-D were varied 
In a dlallellc manner over a range of 0 to 2.0 mg/1. 
The resulting growth after one month In culture Is presented In 
Table 18. Under the conditions tested, leaf prlmordla expansion occurred 
at the lower growth factor concentrations, but the apices failed to 
undergo subsequent growth or plantlet regeneration. As was the case with 
the £. clandestine expiants, the apical sections maintained In higher 
concentrations of 2,4-D formed callus tissue, and Increasing concentra­
tions of klnetln did not reverse this trend. However, contrary to the 
case of the apical stem expiants from the wild soybean species, no plant-
lets were regenerated from expiants of mature Glycine max plants even 
though they were challenged over the same growth factor concentration 
range. 
Experiments designed to determine the effect of growing mature stem 
apices on MS medium containing lower concentrations of 2,4-D (0.00, 0.03, 
0.06, 0.12, 0.25, and 0.50 mg/1) were also unsuccessful in yielding 
regenerated plants. The expiants grown under these conditions either 
underwent expansion without further development or they formed small, 
poorly growing calli that did not differentiate. 
The previous work with com tissue set the precedent for focusing 
attention on rapidly developing seedling tissue. Experiments designed to 
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Table 18. Glycine max growth of stem apex expiants (taken from mature 
plants) grown on Murashlge-Skoog Medium with various concen­
trations of 2,4-D and kinetin 
0.0 
2,4-D mg/1 
0.25 0.50 1.0 
0 .0  
0.25 
0.50 
1.0 
2.0 
2.0  
NG(4) Cal(4) Cal(4) Cal(4) 
NG(2) 
Cal(3) 
NG(1) 
N6(l) 
Green Leaf(3) 
Cal(4) Cal(4) Cal(4) Cal(4) 
Green Leaf(4) Cal (4) Cal(4) Cal(4) Cal(4) 
Green Leaf(2) 
Cal(2) 
Cal(4) Cal(2) Cal(2) Cal(4) 
NG(1) 
Green Leaf(l) 
Cal(l) 
Cal(4) Cal(2) Cal(4) Cal(4) 
NG No growth 
(#) Number of expiants 
Cal Callus growth 
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test regeneration of seedling apexes were performed using the dlallellc 
pattern of varying klnetln and 2,4-0 concentrations In the basic MS 
medium. Apical expiants were taken from 4 day seedlings. These expiants 
Included the plumule with the apex cut just ahead of the cotyledonary 
attachment site (Miksche, 1961). Even though these expiants Included 
many of the plant parts of the developing seedling, the conditions under 
which they regenerate whole plants in culture could provide information 
on how to proceed with promoting differentiation in other more closely 
defined tissue. 
Â description of the typical growth of apical expiants from young 
seedlings is given in Table 19. Shoot growth (growth of the apex expiant 
without the development of roots) was most prevalent in media containing 
less than 0.25 mg/1 of 2,4-D. All of the plantlets were regenerated in 
a narrow growth regulator concentration range lying between 0.03 and 0.25 
mg 2,4-D/l and 0.0 to 0.5 mg klnetln/1. The number of expiants that 
formed plantlets did not exceed 21% in any of the conditions tested. 
Seedling apices grown In MS medium devoid of both growth regulators expand­
ed, but did not form new plant structures. Typically, expiants grown on 
medium containing more than 0.5 mg/1 klnetln and 0.25 mg/1 2,4-D would 
expand to some degree before callus tissue, originating from the cut end, 
would overgrow the expiant. If roots grew on these expiants, they were 
formed adventitiously on calll and not on the apparently suppressed shoot 
apex. 
The mean "regeneration value," described earlier, is presented In 
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Table 19. Glycine max growth of seedling apex expiants on MS medium 
with various concentrations of 2,4-D and klnetln 
2,4-D mg/1 
0.00 0.03 0.06 . 0.12 . 0.25 0.50 1.00 2.00 
Klnetln mg/1 
0.00 
0.25 
0.50 
1.00 
2.00 
(#) 
NO 
Ex 
Cal 
Sg 
Rt 
#-pl 
(12) (16) (15) (14) (16) (16) (16) (16) 
Ex Ex Ex Ex Ex Ex NG 
Cal Cal Cal Cal Cal 
1-pl 3-pl 3-pl Rt 
(9) (14) (15) (14) (12) (12) (12) (11) 
Ex Cal Cal Cal Cal Cal Ex Ex 
Sg Sg Sg Sg Sg Sg Cal Cal 
3-pl 2-pl 3-pl 1-pl Rt 
(14) (12) (15) (12) (14) (16) (12) (16) 
Ex Ex Cal Cal Cal Ex Ex Ex 
Cal Sg Sg Sg Sg Cal Cal Cal 
Sg 2—pi 3-pl 1-pl 1-pl 
(15) (12) (12) (10) (15) (11) (12) (12) 
Ex Ex Cal Ex Ex Ex Ex Ex 
Cal Cal Sg Cal Cal Cal Cal Cal 
Sg Sg Sg Rt 
(12) (16) (12) (11) (12) (8) (15) (15) 
Ex Ex Ex Ex Ex Ex Ex Ex 
Cal Cal Cal Cal Cal Cal Cal Cal 
Sg Sg Sg 
Number of expiants observed 
No growth 
Expansion of formed plant parts 
Callus growth 
Shoot growth 
Root growth 
Number of expiants forming plantlets 
Each description represents the typical growth 
response. 
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Figure 12 for each of 40 combinations of 2,4-D and kinetin. Expiants 
placed on MS medium devoid of growth factors either underwent necrosis 
or expanded slightly before becoming dormant. Seedling apices main­
tained in MS medium containing more than 0.25 mg/1 2,4-D formed primarily 
callus tissue which is reflected in the lower regeneration values. The 
absence or presence of kinetin (up to 2.0 mg/1) had little or no influ­
ence on this growth pattern. These data indicate that regeneration of 
seedling apices is best facilitated by relatively low concentrations of 
both growth factors. The higher values (more of a tendency for the 
expiant to undergo morphogenesis and further development) clearly lies 
towards the lower half of the grid. The best growth factor concentration 
ranges for plantlet regeneration appears to be between 0.25 to 1.0 mg/1 
kinetin and 0.0 to 0.25 mg/1 2,4-D. This is fairly close agreement 
with the observed findings of the previous experiment. In this case, some 
regenerative growth occurred in the absence of 2,4-D. This suggests that 
the expiant itself produces enough auxin to sustain growth and develop­
ment . 
Each plantlet formed in these studies was carefully transplanted in 
toto to a sterile vermiculite/peat-moss mixture (50:50). The plantlets 
were kept moist with Hoagland's solution (Hoagland and Amon, 1938) and 
allowed to grow to the potting stage in a growth chamber. No abnormali­
ties in growth or morphology were observed in any of the regenerated 
plants. 
Another means of measuring the growth of plant tissue in culture is 
Figure 12. Differentiation of Glycine max seedling apex expiants 
induced by dlallellc interactions of klnetln and 2,4-D 
In Murashige-Skoog medium. The apices were maintained 
on the medium for 30 days prior to growth assessment. 
Each bar represents the average data from 8-16 replicate 
observations. See Material and Method section for 
explanation of the scoring method. 
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to monitor changes in the fresh weight of the tissue over the culture 
period. The results of studies to determine the optimal growth factor 
concentrations for fresh weight gain of cultured seedling apices of 
variety T219 are presented In Figure 13. Where both the klnetln and 
2,4-D are deleted the explanted apices show little weight gain. There 
was a slight Increase In weight as 2,4-D was Increased In the absence of 
klnetln. This Increase In fresh weight continues until a concentration 
of 0.12 mg 2,4-D/l Is reached, then wel^t gain dropped off as the auxin 
was Increased further. The presence of klnetln, even In the smallest 
concentration tested (0.25 mg/1), greatly modifies this pattern. Progres­
sively Increasing concentrations of both growth regulators In the medium 
led to greater fresh weight gain over the culture period (upper corner 
of the grid). This reflects a shift to predomlnatly rapidly growing 
callus tissue where both klnetln and 2,4-D are present In a relatively 
high concentration. Maximum callus fresh weight gain occurred on media 
with 2,4-D concentrations from 0.25 to 2.0 mg/1 In combination with 
klnetln concentrations 0.25 to 2.0 mg/1. This data Is In good agree­
ment with that reported by Kimball and Bingham In 1973. These workers 
also found that the presence of Increasing amounts of 2,4-D and klnetln 
In the media stimulated callus growth of hypocotyl sections maintained In 
culture. 
It is Interesting to note that increasing the amount of klnetln In 
media devoid of 2,4-D stimulates some gain in fresh weight. This is 
primarily due to expansion of existing structures and not to formation 
Figure 13. Average growth (fresh weight Increase) of seedling tip 
expiants from Glycine max Induced by dlallellc Inter­
actions of klnetln and 2,4-D after 40 days of growth 
on Murashlge-Skoog medium. Average data from 8 replicate 
treatments. 
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of new plant tissue. 
In the growth factor concentration ranges where most of the plantlet 
regeneration occurred (0.03 - 0.25 mg/1 2,4-D and 0.25 - 1.0 mg/1 kinetiid 
growth in terms of fresh weight accumulation was somewhat repressed. The 
seedling apices maintained in this range characteristically underwent 
shoot and root formation with little or no callus formation. 
Enzymatic Isolation of Protoplasts from 
Primary Tissue of Soybeans 
Protoplasts have been isolated from the primary tissue of most 
plant organs including roots, stems, leaves, petals, coleoptiles and 
root nodules of leguminous plants. Many workers, because of the abun­
dance of homogeneous and homoploidal protoplasts, have used the mesophyll 
tissue of leaves as their primary source (for review see Butenko, 1979; 
Gamborg and Miller, 1973). In a number of cases these naked protoplasts 
have been shown to be capable of regenerating cell walls, undergoing 
replication, and even developing into whole plants or embryoids (Galun 
et al., 1976; Vasil and Vasil, 1980). 
Protoplasts isolated from cultured soybean callus tissue and cell 
suspensions have also been used in numerous fusion studies (Kao et al., 
1970; for a review of fusion work see Gamborg, 1975). Although these 
protoplasts will readily regenerate callus cultures under the proper 
conditions, they are incapable of undergoing morphogenesis and plant 
reformation as are the cultures from which they are derived. This 
clearly poses a serious shortcoming in the utilization of these soybean 
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protoplasts for basic studies and applied purposes In agriculture. 
Since Evans et al. (1977) demonstrated that primary expiants of 
soybean leaf tissue were capable of rhlzogenesis in culture this source 
seemed especially appealing. As stated previously for com tissue, the 
first step In working with protoplasts Is the development of an effec­
tive isolation procedure. The essential operation in the Isolation of 
protoplasts Includes the removal of the cell wall without causing irre­
versible damage to the living protoplast. As early as 1960 Cocking suc­
cessfully used enzymatic digestion to remove plant cell walls and 
release living protoplasts. Since that time these enzymatic techniques 
have been perfected and used successfully on many plant systeua (Evans 
and Cocking, 1977). 
To date there is no report of the successful isolation of proto­
plasts from soybean primary tissue. Initially, in this study, attempts 
were made to remove the cell wall from leaf cells by conventional 
enzymatic means employing commercially available enzymes. 
Surface sterilization of plant tissue 
One of the most critical steps in leaf tissue processing is surface 
sterilization. Usually disinfecting procedures Involve Immersion of the 
leaves for 3-15 minutes in various concentrations of sodium hypochlorite, 
either preceded or followed by a brief rinse in 70% ethanol. This pro­
cedure was not very satisfactory for soybean leaves (Table 20). About 
40% of the treated leaves remain contaminated after being exposed to 
hypochlorite for 5 minutes followed by a brief rinse in 70% ethanol. 
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Table 20. Sterilization procedures for soybean leaves 
Sterilization Procedure 
Percent 
Contamination 
0.7% (W/V) sodium hypochlorite^(5 mln) 
+ 70% (V/V) ethanol (rinse) 
40 
0.7% (W/V) sodium hypochlorite (10 mln) 
+ 70% (V/V) ethanol (rinse) 
22 
0.7% (W/V) sodium hypochlorite (20 mln) 
+70% (V/V) ethanol (rinse) 
0.1% Zepharin^in 10% (V/V) ethanol (5 mln) 
20 
50 
^Contains 0.01% (V/V) TWeen 80. 
^Zepharln Is alkhldlmethyl benzylanmonlum chloride. 
Doubling the time in the sterllant reduces the contamination by about 
one half, while further treatment has little effect on the contamination 
level. Extending the duration in hypochlorite bleaches the leaf tissue 
and reduces the viability of the mesophyll cells. Scott et al. (1978) 
reported that cereal leaves could be effectively surface sterilized by 
disinfecting them for 5 minutes in a solution of Zepharin and ethanol. 
Not only did this procedure reduce viability for soybean leaf tissues 
but it also left up to 50% of the leaves contaminated. 
A standard disinfection of 10 minutes duration in 0.7% (W/V) sodium 
hypochlorite solution was chosen. This sterllant solution also contained 
0.01% Tween 80 to reduce the marked hydrophoblclty of the leaf tissue. 
The hypochlorite treatment was followed by a brief rinse in 70% ethanol. 
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and an equally short exposure to a 0.01 N HCl solution to remove residual 
hypochlorite. 
While some of the leaves remained contaminated, the majority were 
effectively sterilized by this regimen without significant loss in via­
bility of the mesophyll cells. This method precludes the use of nonaxenic 
cultures and antibiotics which could damage mesophyll cells and render 
them Incapable of continued growth (Watts and King, 1973). 
Enzymatic treatment of leaf tissue 
Various commercial enzymes were applied to intact soybean leaf tis­
sue in an attempt to obtain viable protoplasts (Tables 21 and 22). In 
each case, a mannitol osmoticum was used to cause plasmolysis of the 
cells and to prevent rupture of the protoplasts as they were released. 
Table 21 depicts the results of incubation using the sequential enzyme 
method, while Table 22 shows the results of applying the enzymes in a 
mixed manner (see Material and Methods section). Some of the enzymatic 
treatments were effective in separating the mesophyll cells from leaf 
tissue. This is especially true where a maceration enzyme was used with 
a cellulase. None of the enzymes used singly or in various combinations 
liberated protoplasts from the soybean leaf tissue. While only two soy­
bean varieties were used in this study, sufficient commercial enzyme 
types and combinations were employed to indicate thàt soybean leaf tissue 
is quite resistant to attack of the available wall degrading enzymes. 
Table 21. Sequential enzymatic treatment of Glycine max (Beeson) 
leaf tissue 
Percent Enzyme 
3 (? 
M 
P. o 1 I o n s* n H 
i K M 1 (# % Leaf 
Tissue 
m 
% 
S 
A 
n S (B s IB 1 S ID 
primary 2.5 
2.5 
2.5 
2.5 5.0 
primary 2.5 
2.5 2.5 
2.5 
5.0 
primary 2.5 
2.5 
2.5 
2.5 5.0 
primary 2.5 
2.5 2.5 
2.5 5.0 
5.0 
primary 0.2 
3.0 5.0 
primary 2.5 
5.0 
primary 2.5 
5.0 4.0 
trifoliate 
2.0 
5.0 
2.0 
2.5 
trifoliate 
2.0 
2.5 
2.0 
2.5 5.0 
Sodium Citrate. 
b 
Potassium dextran sulfate, Melto Sangyo Co., Nagoya. 
Dlsodlum (Ethyenedlnetrllo) tetra acetate; here and.In 
all subsequent tables. 
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Hours 
Before Hours 
Additive Change PH Monitored Results 
22 5.5 
O.OlnM S.C.* 5.5 40 good cell separation 
22 5.5 
O.OlmM S.C. 5.5 40 good cell separation 
22 5.5 
O.OlmM S.C. 5.5 40 good cell separation 
22 5.5 
O.OlmM S.C. 5.5 40 good cell separation 
b 4 7.8 4 no change 
0.3% KDS 5.2 18 good cell separation 
0.001 EDTAC 2 7.0 no change 
0.3% KDS 5.2 24 poor cell separation 
0.0001 EDTA 2 7.0 no change 
0.3% KDS 5.2 24 poor cell separation 
13 6.0 18 fair cell separation 
13 7.5 23 no change 
4.5 23 no change 
13 4.0 18 fair cell separation 
13 7.5 23 no change 
4.5 23 no change 
Table 22. Mixed enzymatic treatment of soybean and tobacco leaf tissue. 
All soybean tissue was from Glycine max (Beeson) unless 
otherwise stated 
Percent Enzyme 
Variety 
Leaf 
Tissue 
I 
co 
? 
n 
I 
ID 
I 
H 
K 
n 
S? 
«9 
n 
n 
s? 
CO 
g 
p. 
m 
m 
n 
I 
I 
ID 
dlcot 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
primary 
2.5 
0.25 
5.0 
0.25 
5.0 
2.5 
2.5 
2.5 
2.5 
no enzyme 
2.5 
2.5 
0.2 
2.5 
2.5 
3.0 
2.5 
2.5 
0.5 
1.0 
2.0 
2.0 
2.0 
5.0 
0.25 
0.25 
2.0 
2.0 
2.5 
5.0 
2.5 5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
0.5 
1.0 
2.0  
2.0 
2.0 
5.0 
5.0 
5.0 
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Additive pH 
Hours 
Monitored Results 
0.3% KDS 5.2 17 some cell separation 
5.5 16 good cell separation 
5.5 16 good cell separation 
5.5 16 good cell separation 
5.5 16 good cell separation 
5.5 40 good cell separation 
5.5 40 good cell separation 
5.5 40 fair cell separation 
5.5 40 good cell separation 
5.5 40 few separate cells 
0.3% KDS 5.2 24 fair cell separation 
0.3% KDS 5.2 24 fair cell separation 
0.3% KDS 5.2 24 fair cell separation 
0.3% KDS 5.2 24 fair cell separation 
0.3% KDS 5.2 18 good cell separation 
0.3% KDS 5.2 20 good cell separation 
Not Adj. 21.5 poor cell separation 
Not Adj. 21.5 poor cell separation 
Not Adj. 21.5 poor cell separation 
Not Adj. 21.5 poor cell separation 
Not Adj. 21.5 poor cell separation 
Not Adj. 21.5 poor cell separation 
O.OlmM S.C. Not Adj. 21.5 poor cell separation 
O.OlmM S.C. Not Adj. 21.5 poor cell separation 
6.0mM CaClg Not Adj. 21.5 poor cell separation 
6.0mM CaClg Not Adj. 21.5 poor cell separation 
Table 22. Continued. 
Percent Enzyme S 
m K 
5 _ o m o o 
» S n M M (B 
M m n M c* M* M 
, ^ ^ S" : g. 4" g. & 
„ , . %!»: S. 8 S S S. S S 
Variety Tissue a m m m @ i» m 
trifoliate 2.0 
trifoliate 0.125 
trifoliate 2.0 
trifoliate 2.5 2.5 
trifoliate 2.5 2.5 5.0 
trifoliate 5.0 5.0 
trifoliate 2.5 5.0 
trifoliate 2.5 5.0 
trifoliate 2.5 5.0 
trifoliate 2.5 5.0 
trifoliate 5.0 
Clark trifoliate 0.25 5.0 
Clark trifoliate 2.5 5.0 5.0 
Tobacco secondary 2.5 5.0 
Tobacco secondary 2.5 5.0 
Tobacco secondary 2.5 
Tobacco secondary 5.0 
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Additive PH 
Hours 
Monitored Results 
5.5 24 poor cell separation 
5.5 24 poor cell separation 
5.5 24 fair cell separation 
O.OOOIM EDTA 4.0 18 fair cell separation 
O.OOOIM EDTA 5.5 18 fair cell separation 
5.6 24 good cell separation 
5.7 24 good cell separation 
5.7 24 good cell separation 
0.3% KDS 5.7 24 good cell separation 
O.OIM S.C. 5.0 5 cell separation 
O.OIM S.C. 5.0 5 poor cell separation 
5.5 21 poor cell separation 
0.3% KDS 5.2 20 cell separation 
5.2 4 good protoplasts 
5.2 4 few protoplasts 
5.2 4 no protoplasts 
5.2 4 few protoplasts 
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When considering the reasons for this apparent resistance, several 
factors must be taken into account. The activity of commercial enzymes 
often varies from batch to batch. Therefore, it is conceivable that a 
particular lot of an enzyme may be only partly active or coiiq>letely inac­
tive. Tobacco (Nicotiana tabacum) leaves which have long been used as a 
model source of protoplasts (Takebe et al., 1968) were used to monitor 
the enzymatic activity of various lots of pectinases, Cellulysin and 
Driselase (Table 23). All lots of enzyme used in the soybean leaf experi­
ments were found to actively release protoplasts from Nicotiana leaves. 
Pectinase used alone was ineffective in releasing protoplasts from tobacco 
leaves. However, when pectinase was used in combination with Cellulysin 
and Driselase protoplasts were released from the tissue. For later 
studies, immature soybean pod tissue was used to monitor the activity of 
various commercial lots of Cellulase RIO and Macerozyme RIO. 
Another possibility was that the enzymes were not penetrating the 
leaf structure, thereby not reaching the mesophyll cell walls. Attempts 
to peel the epidermis from soybean leaves failed because of the fragile 
nature of the leaf tissue. However, a light scraping of the abaxial leaf 
surface released many Intact mesophyll cells which could easily be sub­
jected to treatment. Both the sequential (Table 23) and one-step mixed 
enzyme methods were employed (Table 24). The main advantage here is that 
the whole cell wall of each cell is completely surrounded by the enzyme. 
Again, even though a number of commercial enzimes and enzyme mixtures 
were used, no protoplasts were obtained. 
Table 23. Sequential enzymatic treatment of mechanically separated 
Glycine max leaf cells 
g 
g S 1 
g 'é 
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m m p. m 
n 
1 
k, s 
m 
t* §: i ' f, s n 9 S* 
Variety Leaf Type 
S 
a 
g 1 
é 
a 
S 
» s 
m 
o 
g 
m (d 
» 
m 
0» 
Clark primary 2.5 
5,0 
Clark primary 2.5 
5.0 4.0 
Clark primary 2.5 
5.0 
Clark primary 2.5 
5.0 4.0 
T219 trifoliate 3.0 
5.0 
T219 trifoliate 3.0 
5.0 
T219 trifoliate 3.0 
5.0 
1219 trifoliate 3.0 
5.0 
T219 trifoliate 3.0 
5.0 
1219 trifoliate 3.0 
5,0 
T219 trifoliate 3.0 
5.0 
T219 trifoliate 3.0 
5,0 
T219 trifoliate 3.0 
5.0 
1219 trifoliate 3.0 
5.0 
T219 trifoliate 3.0 
5.0 
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Hours 
Additive 
Before 
Change PH 
Hours 
Monitored Results 
O.OOOIM EDTA 
0.3% KDS 
2 5.5 
5.5 18 
no change 
plasmolysls no change 
O.OOIM EDTA 
0.3% KDS 
2 5.5 
5.5 18 
no change 
plasmolysls no change 
0.3% KDS 
2 5.5 
5.5 18 
no change 
plasmolysls no change 
0.3% KDS 
2 
U
l 
U
l 
U
l 
U
l 
18 
no change 
plasmolysls no change 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
2 
U
l 
U
l 
U
l 
U
l 
24 no change 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
2 
U
l 
U
l 
U
l 
U
l 
24 no change 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
Table 23. Continued 
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T219 trifoliate 3.0 
5.0 
T219 trifoliate 3.0 
5.0 
1219 trifoliate 3.0 
5.0 
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Hours 
Before Hours 
Additive Change PH Monitored Results 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
2 5.5 
5.5 24 no change 
Table 24. Mixed enzymatic treatment of mechanically separated Glycine 
max leaf cells 
Percent enzyme 
s 5 S £ s i 
s s & è I E Q) p> pi m p 0 
m n m h* m m 
A (D (* O n> fl> 
Variety Leaf Type 
Beeson primary 1.5 1.5 4.0 
Beeson primary 1.5 1.5 2.0 2.0 4.0 
Beeson primary 4.0 4.0 
Beeson primary 1.5 1.5 4.0 
Beeson primary 1.5 1.5 2.0 2.0 4.0 
Beeson primary 3.0 4.0 
Beeson primary 4.0 4.0 
Beeson primary 3.0 4.0 
Beeson primary 1.5 1.5 2.0 2.0 4.0 
Beeson primary 1.5 1.5 2.0 2.0 4.0 
Beeson primary 1.5 1.5 2.0 2.0 4.0 
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Additive PH 
Hours 
Monitored Results 
0.01 mH S.C. 5.2 21 plasmolysis no change 
O.OlnM S.C. 5.2 21 plasmolysis no change 
6mM CaClg 5.2 21 plasmolysis no change 
6nM CaClg 5.2 21 plasmolysis no change 
6mM CaClg 5.2 21 plasmolysis no change 
6mM CaClg 5.2 21 plasmolysis no change 
O.OlmM S.C. 5.2 21 plasmolysis no change 
O.OlmM S.C. 5.2 21 plasmolysis no change 
O.OlmM S.C. 5.5 18 no change 
O.OSmM S.C. 5.5 18 no change 
O.lmM S.C. 5.5 18 no change 
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Chemical extraction of leaf cell walls 
The cell walls of many plant tissues Incorporate waxy substances, 
fats, various proteins, and llgnlns as an Integral part of their complex 
structure (Lamport, 1970). The presence of these substances may In some 
way Impede enzyme action or protect other structural components of the 
wall from exposure to the enzymes. If the nature of these structural 
substances could be defined, the knowledge would be most useful In deter­
mining how to proceed with mesophyll cell wall degradation. The approach 
used was to subject Intact cells to various chemical extractions In an 
attempt to Isolate protoplasts with commercial enzymes. 
Extraction of mechanically separated cells with nonpolar solvents 
(acetone, and chloroform/methanol, 50:50) failed to render the cell walls 
submissive to a 13-hour digestion by mixture of cellulase, hemicellulase, 
Driselase and Macerozyme, Further extraction of the acetone, chloroform/ 
methanol treated cells with a chaotroplc agent (10 M LlCl) and a non-
ionic detergent (Triton x 100) did not Improve enzymatic digestibility 
of the cell wall. Also, brief digestions of water washed cells in tryp­
sin followed by pepsin failed to render the cell walls subject to cellu­
lase attack. 
Although lignin is usually associated with supporting tissues of 
higher plants, some of this substance has been found In tissue 
of several bean species including soybean hulls and cell cultures 
(Smith and Circle, 1978; Selvendran et al., 1976). Lignin is highly 
resistant to most enzymatic digestions and may protect other structural 
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elements of the cell wall (Dehorlty et al., 1962). As a final procedure, 
a sample of acetone, chloroform/methanol, LiCl and Triton x 100 treated 
cells were extracted for an extended period of time with sodium chlorite 
using the method of Jenyn and Isherwood (1956). Even after this harsh 
extraction procedure, the cell walls remained intact following incubation 
in the cellulase enzyme mixture. 
In each case, following enzymatic digestion, the cell wall integrity 
was evaluated by: phase contrast observation, calcafluor fluoresence 
under ultraviolet microscopy (Hughes and McCully, 1975), and the ability 
of the cells to retain their characteristic shapes when stressed by 
gentle pressure applied to the coverslip. 
Use of crude enzyme preparations 
By far, the most effective method of recovering protoplasts from 
plant tissue is by enzymatic means. In the case of soybean leaf cells, 
the commercially available enzymes seem to be ineffective. However, soy­
bean leaf tissue does soon deteriorate when it comes in contact with 
moist soil. It seemed,therefore, that there might be some saprophytic 
organisms responsible for this decaying process. 
Saprophytic fungi and bacteria found in association with decaying 
soybean leaves were established as enrichment cultures (for procedure 
see Material and Methods section). Cell wall substrate was provided by 
mechanically isolating leaf cells and extracting them with water and 
acetone. These extracted cells were suspended in Peberdy's (Peberdy, 
1979) agar and either incubated sterile (as a control) or inoculated with 
Figure 14A. A thin section of agar taken from the control enrichment 
culture plate. Many empty cell walls are scattered 
throughout the agar (arrow). The plate from which this 
agar sample was taken was not Inoculated with saprophytic 
microorganisms. X 273 
Figure 14B. A thin section of agar taken from a ten day enrichment 
culture with saprophytic microbes present. Only frag­
ments of cell walls, trichomas, and trachelds remain. 
X 336 
Figure 14C. Isolated leaf cells to which crude extracts from sapro­
phytic enrichment cultures were added. The Incubation 
solution also contained 5% Cellulase RIO. Total incub­
ation time was 48 hours at 30*C. Some cells retain 
their cell walls (wavy arrow) while the majority of the 
cells appear to be devoid of a cell wall (straight 
arrow). The naked cells are highly compressed and 
retain their rectangular shape. This would suggest 
that they had died prior to their release. X 305 
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the enriched saprophytic organisms. Figure 14A shows a thin agar slice 
taken from the sterile control agar after 10 days of Incubation. Many 
Intact cell walls remain dispersed throughout the section. However, thin 
slices taken from agar Inoculated with the enrichment culture and Incuba­
tion for the same period of time, show trachelds, trichomas, and frag­
ments of cell walls (Figure 14B). This result encouraged further Inves­
tigation Into the feasibility of using crude extracts, from active cul­
tures of these microorganisms, to release protoplasts from living soy­
bean leaf cells. 
It was found that Isolated mesophyll cells lost their cell walls 
after 48 hours of incubation in concentrated and desalted extracts sup­
plemented with 5% Cellulase RIO (Figure 14C). For details of the preara-
tlon of the extract, see the Material and Method section. However, 
after this lengthy exposure to the enzyme mixture, no living protoplasts 
were recovered. These procedures appear to be very ineffective and no 
further attempt was made to identify the organism or organisms respons­
ible for the cell wall degradation. 
Isolation of protoplasts from primary tissues other than leaf tissue 
Since attempts to Isolate viable protoplasts from leaf cells was 
not possible up to this point, attention was turned to finding a suitable 
alternate source. Because plant differentiation is the ultimate goal, 
emphasis was placed on those primary tissues that demonstrated some 
degree of morphogenesis in culture. By previous experimentation, it had 
been determined that primary expiants of tissues other than leaves 
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(stamen filaments, stem apices and immature pod sections) are capable 
of undergoing at least some degree of organogenesis In culture. The 
procedure was to subject these particular tissues to enzymatic digestion 
In an attempt to Isolate protoplasts capable of organized growth In cul­
ture. From the onset It was apparent that microdissection of stamens 
from flower buds was extremely tedious. Also, many buds, at the same 
stage of development, were required to get a small amount of tissue. 
This coupled with the low rooting capacity of this tissue made It a poor 
choice for protoplast Isolation. 
The fact that plantlets could be regenerated from seedling apices, 
If the growth regulator concentrations were carefully controlled, 
prompted further experimentation to determine If this tissue could be 
enzymatlcally broken down Into Its component cells or protoplasts. 
The results presented In Table 25 Indicate that protoplasts can be 
obtained from stems and stem apices through Incubation In pectlnases and 
cellulases. However, In all cases the yields were very low. The addi­
tion of EDTA and potassium dextran sulfate Increased the total yield of 
protoplasts, but not sufficiently to make Isolation attempts practical. 
Since low yields of protoplasts were also obtained from stem pieces 
there remains some doubt as to whether the protoplasts were actually 
derived from the apex or from the cut surface of the stem. Again, this 
source of protoplasts was judged to be unsatisfactory because of doubts 
about the precise source coupled with the relatively low yield. 
Table 25. Enzymatic treatment of Glycine max stem pieces and stem apices 
Percent Enzyme g 
î? 
1 
a 1 
n 
» 
1 
s » 
k 
H. 
n & 
Variety Tissue 
i 
m 
1 
n 1 Ê m 1 (D 
Beeson apex 2.5 
5.0 
Beeson apex 2.5 
5.0 4.0 
Beeson apex 2.5 
5.0 
Beeson apex 2.5 
5.0 4.0 
Clark stems 2.5 
5.0 
Clark stems 2.5 
5.0 4.0 
Clark apex 3.0 5.0 
Beeson apex 2.5 5.0 5.0 
Beeson apex 2.5 5.0 
Beeson apex 1.5 1.5 2.0 2.0 4.0 
Beeson apex 1.5 1.5 2.0 2.0 4.0 
Beeson apex 1.5 1.5 2.0 2.0 4.0 
Beeson apex 5.0 
Beeson apex 5.0 4.0 
Beeson apex 5.0 4.0 
Conditions between the lines represent sequential enzyme runs. 
^Fair protoplasts, about 10^ protoplasts/gram tissue. 
b 3 
Few protoplasts, 10 protoplasts/gram tissue. 
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Additive 
Hours 
Before 
Change PH 
Hours 
Monitored Results 
O.OOIM EDTÂ 
0.3% KDA 
2 7.0 
5.2 18 fair protoplasts® 
O.OOOm EDTA 
0.3% KDA 
2 7.0 
5.2 18 fair protoplasts 
O.OOOIM EDTA 
0.3% KDS 
2 7.0 
5.2 18 fair protoplasts 
O.OOOIM EDTA 
0.3% KDS 
2 7.0 
5.2 18 fair protoplasts 
O.OOOIM EDTA 
0.3% KDS 
2 7.0 
5.2 18 
b few protoplasts 
0.3% KDS 
2 
5.2 few protoplasts 
0.3% KDS 5.2 18 few small protoplasts 
0.3% KDS 5.2 18 few protoplasts 
O.OIM citrate 5.0 5 few protoplasts 
O.OIM citrate 5.5 7 few protoplasts 
0.05M citrate 5.5 7 few protoplasts 
O.IM citrate 5.5 7 few protoplasts 
0.3% KDS 5.2 18 fair protoplasts 
0.3% KDS 5.2 18 few protoplasts 
0.3% KDS 5.2 18 few protoplasts 
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Enzymatic release of protoplasts from green pod tissue 
The finding that primary tissue expiants of Immature pod tissue not 
only grew well In culture, but also produced roots at a low frequency, 
prompted attempts to enzymatlcally Isolate protoplasts from this type of 
tissue. In marked contrast to other soybean primary tissues, the results 
obtained by applying cellulases to green pod tissue were remarkable. 
Experiments dealing with the Isolation and cultivation of proto­
plasts from pod tissue were designed around the three major aspects men­
tioned In the com protoplast section of this paper. First, an effective 
means of Isolating protoplasts while maintaining maximum viability was 
sougjht. 
Neither protoplasts nor whole cells were released from pod tissue 
incubated In pectlnase (Table 26). However, commercial cellulase. In 
the form of Drlselase and Cellulysln, was effective in releasing some 
protoplasts. When pod tissue was Incubated in these cellulase enzymes 
following a two-hour preincubation in pectlnase, good protoplast yields 
4 (>10 /gram of pod tissue) were obtained. 
Two enzymes commonly used for Isolating protoplasts, Cellulase RIO 
and Macerozyme RIO, were also found to be effective in releasing proto­
plasts from pod tissue. Through the use of these enzymes it was found 
that the EDTÂ and KDS (potassium dextran sulfate) could be eliminated 
without decrease in total yield. The incubation time necessary to obtain 
maximum yield was also shortened when Macerozyme RIO and Cellulase RIO 
were used in combination. 
Table 26. Enzymatic release of protoplasts from young Glycine max pod 
tissue 
I 
Percent Enzyme g 
o p. ® 
H M Ci 
o c ' » a o 
p g g p g. p. 
5 o rt 0 m M 5 S* «5* H» M 
M u pi m m m m 
p H « « H> m n 
o o m ib 0 m ff 
Hark 2.5 
5.0 
Hark 2.5 
4.0 4.0 
Hark 2.5 
5.0 
Hark 2.5 
5. ,0 4.0 
Beeson 2.5 
5.0 4.0 
Beeson 2.5 
5. ,0 
Beeson 2.0 5.0 
Beeson 2.0 5.0 1.0 
Hark 2.5 
Hark 5.0 
Hark 5.0 
Hark 5.0 4.0 
Hark 5.0 4.0 
Conditions between the lines represent sequential enzyme runs. 
a 4 
Good protoplasts 10 protoplasts/gram tissue. 
Few protoplasts 10 protoplasts/gram tissue. 
c 3 4 
Fair protoplasts 10 - 10 protoplasts/gram tissue. 
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Additive 
Hours 
Before 
Change PH 
Hours 
Monitored Results 
O.OOIM EDTA 
0.3% KDS 
2 7.0 
5.5 18 good protoplasts* 
O.OOOIM EDTA 
0.3% KDS 
2 7.0 
5.5 18 good protoplasts 
O.OOOIM EDTA 
0.3% KDS 
2 7.0 
5.5 18 good protoplasts 
O.OOOm EDTA 
0.3% KDS 
2 7.0 
5.5 1» good protoplasts 
O.OOOIM EDTA 
0.3% KDS 
2 7.0 
5.2 18 good protoplasts 
O.OOOIM EDTA 
0.3% KDS 
2 7.0 
5.2 18 good protoplasts 
0.3% KDS 5.2 20 good protoplasts 
5.2 3 good protoplasts 
O.OOIM EDTA 7.0 18 no protoplasts 
0.3% KDS 5.5 12 few protoplasts'' 
0.3% KDS 5.5 12 few protoplasts 
0.3% KDS 5.5 12 
c 
fair protoplasts 
0.3% KDS 5.5 12 fair protoplasts 
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Young green pods that had not yet undergone seed filling (2-5 cm), 
were harvested from a number of cultivated Glycine max varieties and sub­
jected to a sequential enzyme procedure in an attenqpt to assess which 
variety was most favorable for giving high yields of viable protoplasts 
(Table 27). Pod tissue from all of the varieties and species tested 
6 
yielded at least 1.0 x 10 protoplasts per gram of pod tissue, however, 
viability was greater in strain T219. This, when coupled with the 
thizogenie nature of the pod tissue expiants taken from this particular 
variety, made it the tissue of choice for further studies. Attempts to 
Isolate protoplasts from Glycine soja and 6^. clandestine had to be aban­
doned because of the inability to adequately surface sterilize the pods 
of these species. 
Experiments were conducted to determine if there was any difference 
in protoplast yield between the two green (NG) and (LG) phenot3rpes of 
soybean strain T219 (see Materials and Methods). Pod tissue taken from 
L6 plants yielded somewhat higher protoplast numbers, however, the dif­
ference in yield between the two phenotypes was not considered to be 
enou^ to warrant separation of pods according to phenotyplc character­
istics for the purpose of protoplast isolation (Table 28). 
At the time of protoplast release, the loss of the cell wall must 
be compensated for by an osmotic pressure in the isolation milieu in 
order to achieve maximum stability and viability. In general, mannltol 
at a concentration of 0.45 - 0.8 M has been employed for the Isolation 
of mesophyll protoplasts and protoplasts from cultured cells (Evans and 
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Table 27. Yield and viability of protoplasts from pod tissue of various 
Glycine species and Glycine max varieties 
Variety/Strain Protoplast Yield Percent Viable 
Per Gram Tissue Following Isolation 
Strain T219 4.1 X 10^ 94* 
6 
Richland 3.6X10 91* 
Beeson 3.1 X 10* 84* 
Llnman 5.5 X 10* 79* 
Clark 1.9 X 10* 75 
Harosoy 63 1.3X10* 61 
Lincoln 1.5 X 10* 59 
Blackhawk 1.0 X 10* 57 
Mandarin 4.1 X 10* 56 
Species 
G. sola 4.7 X 10* 82 
G. clandestlna 1.0 X 10* 39 
*Protoplast cultures that gave rise to suspension and callus 
cultures 
Table 28. Number of protoplasts released from normal green and light 
green pod tissue of strain T219 plants 
Normal Green (NG) Light Green (LG) 
7 
3.9 X 10® 
1.0 X 10^ 
Cocking, 1977). All enzyme solutions used In this study were made 0.6 M 
with respect to mannltol. The cells of pod tissue placed In 3% Macero-
zyme In this osmotlcum show a marked plasmolysis (Figure 15Â). Since 
viable protoplasts were released upon subsequent Incubation In 5Z cellu-
lase In 0.6 M mannltol, there was no need for a preplasmolysls treatment 
of pod tissue as Is often done for leaf mesophyll cells (Eriksson, 1976). 
As explained In a previous section, there are two types of enzymatic 
procedures; mixed, where the pectlnases and cellulases are combined In 
one Incubation solution, and sequential, where the tissue Is placed first 
In pectlnase and Incubated for a suitable length of time and then placed 
In cellulase for further digestion. Test trials were conducted to deter­
mine the more optimal procedures for pod tissue. The approach was to try 
to assess the relative effectiveness of Macerozyme RIO and Cellulase RIO 
applied to pod tissue singularly or In combination by monitoring the 
Number of experiments 5 
Average yield (protoplasts/ -
gram tissue) 2.9 X 10 
5 
Standard error 1.6 X 10 
Figure 15â. Soybean pod tissue upon Incubation In 3% Macerozyme 
which Includes 0.6 M mannltol. The cells are highly 
plasmolyzed and the cells along thé periphery appear 
to be devoid of any protoplasts (arrow). This Is 
possibly due to mechanical handling during preparation 
of the tissue for microscopic examination. X 224 
Figure 15B. A group of protoplasts 24 hours after isolation. The 
protoplasts are spherical, vary in size (15-27 ijm), 
and in degree of vacuolatlon. X 680 
Figure 15C. Nomarski phase contrast micrograph of a pod proto­
plast showing large vacuoles and a compact peripheral 
nucleus (arrow). This protoplast shows a higih degree 
of systrophy (s), I.e., the chloroplasts tend to 
accumulate around the nucleus. X 1884 
Figure 15D. A large (56 ym) pod protoplast with an extensive 
central vacuole (v). The cytoplasm is peripheral 
with plastids scattered throughout. X 1800 
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number and viability of the protoplasts released. Counts were made using 
a haemocytometer and viability was determined by the fluorescein dlace-
tate technique of Larkin (1976). The results of these studies are pre­
sented in Table 29. 
During the time the tissue was incubated in Macerozyme no proto­
plasts or single cells with walls were released. After replacing the 
Macerozyme with oellulase, the sequential procedure showed a higher yield 
at two hours than the mixed procedure. By 3 hours the yield in the 
sequential and mixed procedures were equivalent where they ranained, with 
a maximum number of protoplasts released at approximately 4 hours. The 
evidence suggests that Macerozyme RIO may have a somewhat toxic effect on 
the released protoplasts. This was demonstrated by the fact that in 
both the sequential and mixed enzyme treatments the viability dropped off 
sharply after five hours of incubation. When Cellulase RIO was used 
alone, fewer protoplasts were released, but the number of protoplasts 
remained about the same following a five-hour incubation period. Via­
bility also remained relatively high (89%) throughout the seven hours of 
single enzyme treatment. 
Figure 16 is a plot of the time course of protoplast release using 
the sequential enzyme procedure (Column A in Table 29). The curve flat­
tened abruptly after 3 hours of incubation, and the number of protoplasts 
present was stable for the next 4 hours. Following seven hours of incuba­
tion the nunAer of protoplasts in the sample dropped. Since it is 
desirable to isolate a maximum number of protoplasts in the best possible 
condition, a four-hour sequential incubation was chosen as optimal. 
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Table 29. Number of protoplasts released per gram of pod tissue under 
sequential and mixed enzymatic Isolation procedures 
Incubation 
Time/Hours Sequential(A) Mixed(B) Cellulase alone(C) 
2 1.8 x 10® 2.5 x 10^ 1.6 x 10^ 
3 2.5 x 10® (83%) 2.4 x 10® (93%) 6.4 x 10^ (98%) 
4 3.4 x 10® 3.5 x 10® 8.8 x 10^ 
5 3.4 x 10® (71%) 3.0 x 10® (86%) 1.2 x 10® (98%) 
6 4.0 x 10® 3.5 x 10® 1.3 x 10® 
7 3.0 x 10® (47%) 4.0 x 10® (44%) 1.1 x 10® (89%) 
(A) Sequential procedure: pod tissue incubated 2 1/2 hours in 3% 
Macerozyme and then incubated in 5% cellulase for designated 
time. 
(B) Mixed enzyme procedure: pod tissue was incubated in a mixture 
of 5% cellulase and 3% Macerozyme for the designated time. 
(C) Pod tissue was incubated in 5% cellulase for designated time. 
( } Numbers in parentheses represent the percentage of viable 
protoplasts as estimated by fluorescein diacetate staining. 
Another factor that can greatly affect protoplast release is the 
degree of movement that the tissue and enzyme mixture undergoes during 
the incubation period (Scott et al., 1978). Stationary digestion of pod 
tissue produced few protoplasts, and their formation occurred very slowly. 
With moderate agitation (60 cycles/minute), the rate of release was 
accelerated. Shaking the preparations at a rate greater than 70 cycles/ 
Figure 16. Protoplast yield from Glycine max pod tissue Incubated In 
3Z Macerozyme 2.5 hours prior to Incubation In 5% Cellu-
lase RIO. Bars represent standard error. Points with 
bars represent an average of three experiments. Points 
without bars are single counts. 
Number of Protoplasts Released per Gram of Pod Tissue 
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minute caused breakage of the protoplasts as they were liberated. 
Since Macerozyme, by Itself, is ineffective in releasing protoplasts 
or cells from pod tissue, various concentrations of Cellulase BIO were 
employed following a preincubation of the tissue for 2 hours in 3% Macer­
ozyme RIO (Figure 17). Counts were made at the end of four hours incuba­
tion at 30*C. Protoplasts were released from the pod tissue incubated 
in all the concentrations of cellulase tested. Even the lowest concen-
6 ' 
tratlon (1%) produced a satisfactory yield (4.0 x 10 protoplasts/gram 
tissue). The most optimal concentration of Cellulase RIO for the range 
tested proved to be 5.0%. At this concentration the yield on a per gram 
basis was doubled over that of the 1% cellulase solution. 
Further enzymatic studies on pod tissues indicate that the pH of 
the cellulase incubation solution may play a crucial role in protoplast 
liberation and on their subsequent survival (Scott et al., 1978). The 
effect of pH on protoplast yield and viability is depicted in Figure 18. 
Maximum yields were obtained over a broad pH range, from 4.5 to 6.0. 
This agrees with the published pH activity curve for Cellulase RIO 
(descriptive publication from Kinkl Takult, Nishlnomlya). While a pH of 
5.5 appears to be optimal for protoplast release, this pH appears to be 
too high for maximum survival. Viability (percent of viable protoplasts, 
assessed by the ability to exclude Evan's blue stain) was found to be 
best at pH 5.0. For this reason, a pH of 5.2 was selected as being opt­
imal. Viability at this pH was judged to be about 88%. 
Results of experiments designed to test the effect of preincubation 
Figure 17. Effect of cellulase concentration on protoplast yield. 
The pod tissue was prelncubated 2 hours In 3% Macerozyme 
RIO prior to a 4-hour incubation in Cellulase RIO. 
Yield Is expressed /gram fresh weight of pod tissue. 
Protoplast Yield (Log) x 10* 
NP W in Oi %o 
T—T—i—r 
mm### 
mmmmmam 
89T 
Figure 18. Effect of pH on the yield and viability of protoplasts 
from soybean pod tissue. Digestion was carried out using 
3% Macerozyme RIO pH 4.6 for 2 hours followed by 5% 
Cellulase RIO for 4-hours, 30'c. Viability was assessed 
by the protoplast's ability to exclude Evan's blue dye. 
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of pod tissue In a suitable growth media prior to cell wall digestion 
are presented in Table 30. By far the best yield of protoplasts(4.2 x 
6 10 protoplasts per gram of pod tissue) was obtained from freshly Isola­
ted pods. Pod tissue prelncubated for 12 hours In Murashlge-Skoog (MS) 
medium gave a reduced yield (6.7 x 10 protoplasts/gram tissue) upon 
enzymatic treatment. Pod tissue prelncubated in MS medium containing 
6 
10 mM of arginlne gave a better yield (2.2 x 10 protoplasts per gram of 
tissue) than pod tissue prelncubated in MS alone, but the yield was still 
depressed from that of fresh pod tissue. This evidence suggests that 
arginlne may have a stabilizing effect on harvested pod tissue. 
As pods mature changes occur in the cell wall structure of some of 
the cell layers composing the pod (Carlson, 1973). This necessitated 
examination of the effect that aging and pod growth has on enzymatic 
protoplast isolation. Young (L6) pods, varying in size from 0.5 - 5.0 cm 
in length, were harvested fresh and sorted into size groups. Pod tissue 
from each group was subjected to sequential enzymatic treatment. Both 
the yield and the viability of protoplasts obtained from small pods (0.5 
- 1.0 cm long) were low when compared to the larger pod size groups 
(Table 31). Protoplast yield and viability from pods ranging from 1.0 to 
3.0 cm were found to be similar, however, pods from the larger size 
groups (2.0 - 5.0 cm) were chosen for further studies because of their 
superior yields and comparable viability. 
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Table 30. The number of protoplasts released from fresh pod tissue, pod 
tissue preincubated 12 hours in Murashige-Skoog (MS) medium, 
and pod tissue preincubated 12 hours in MS medium supplemented 
with 10 mM arglnine. A sequential or two-step enzymatic iso­
lation procedure was used. The pod tissue was incubated first 
in 3% Macerozyme for 2 hours followed by 4 hours in 5% cellu-
lase. Each figure represents the number of protoplasts 
released per gram of pod tissue 
Fresh MS Medium MS + 10 mM arglnine 
Number of experiments 21 4 20 
Number of protoplasts 4.4 X 10* 6.7 X 10^ 2.2x10* 
Standard error 2.6 X 10^ 2.1 X 10^ 2.4 X 10^ 
Table 31. Yield and viability of protoplasts from different size groups 
of soybean pods 
Pod Length (cm) Protoplast Yield Percent Living 
Per Gram Tissue Following Isolation 
66 
82 
83 
79 
91 
0.5 - 1.0 
1.0 - 2.0 
2.0 - 3.0 
3.0 - 4.0 
4.0 - 5.0 
6.1 X 10^ 
1.5 X 10* 
1.4 X 10* 
3.4 X 10* 
2.3 X 10* 
173 
Isolation procedure 
Immediately following cellulase digestion, the preparation contains 
whole cells, tissue and cellular debris, and numerous protoplasts of dif­
ferent sizes. Methods to separate the particulate debris from the proto­
plasts had to be devised. The larger pieces of undigested pod tissue 
were removed by passing the crude preparation through a 75 |iin (200 mesh) 
stainless steel screen. Attempts to flush the smaller debris through a 
5 vim mllllpore filter while retaining the protoplasts, resulted in higih 
losses, primarily due to the sticking of protoplasts to the filter mem­
brane as they settled. Ficol density gradient centrifugation yielded a 
clean preparation of protoplasts, but again large losses occurred through­
out the procedure. This was primarily due to the fact that the proto­
plasts would distribute through several layers of the gradient making 
collection difficult. The most satisfactory method of cleaning the 
debris from the protoplasts was by gently centrlfugatlng (120 g for 15 
mln) the crude enzyme-protoplast preparation on a cushion of 21% sucrose. 
The protoplasts collected at the sucrose/medium Interface, while the 
whole cells and much of the tissue debris were either pelleted or pulled 
down into the sucrose layer. 
Numerous washings in 0.6 M mannltol following enzymatic treatment 
resulted in the loss of many protoplasts. À slight increase of the 
osmotlcum, making it 0.75 M in respect to mannltol, improved the final 
yield of stable protoplasts. 
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Soybean protoplast cultivation 
Attempts to cultivate pod protoplasts on Murashlge-Skoog (MS) 
medium failed, despite numerous washings designed to remove trace amounts 
of enzyme and osmoticum. Viable protoplasts, obtained by the sequential 
enzymatic procedure, could, however, be maintained for extended periods 
of time if they were carefully washed in osmoticum and then suspended in 
Kao's medium (Kao, 1977). 
Pod protoplasts isolated into this medium, vary considerably in 
morphology and size. Figure 19 depicts the frequency distribution of the 
diameters of 500 random protoplasts Isolated from pods measuring 0.5 -
5.0 cm in length. The variation Is size of these protoplasts was surpris­
ingly wide (from 13 to 93 ym). Microscopic examination of the smaller 
pod protoplasts revealed that they were compact with a dense cytoplasm 
and little, if any, vacuolatlon (Figure 15B). Half of the protoplasts 
(51%) isolated from green pod tissue were fairly uniform in size, ranging 
from 23 to 43 ym. These protoplasts have extensive central vacuoles 
which accounted for the bulk of their volume (Figure 15D). The proto­
plasts also contain chloroplasts which often express a high degree of 
sysotrophy around the nucleus. Figure 15C shows a typical large proto­
plast with an extensive central vacuole, and plastlds that characteris­
tically are scattered throughout the cytoplasm. 
This size variation probably accounts for the difficulties encoun­
tered in attempts to purify the protoplasts by means of flcol density 
gradients. The smaller more dense protoplasts would distribute lower in 
Figure 19. Size distribution of 500 randomly selected pod protoplasts. 
Vertical scale represents the percentage of protoplasts In 
each size group. 
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the gradient while the larger more vacular protoplasts would tend to 
remain In the higher less dense layers. 
Certain aspects of pod protoplast culture in Kao's medium (Kao, 
1977) were closely followed for seven days (Figure 20). The percentage 
of living cells remaining in the population was monitored using fluores­
cein diacetate stain. The regeneration of cell wall material was fol­
lowed using calcofluor M2R stain. Protoplast survival drops off in a 
linear manner over the first five days and then levels off at about 20%. 
This is reflected in the decrease in cell numbers over the same period of 
time. This initial cell loss may be owing to death and fragmentation of 
protoplasts that were irreparably damaged during the isolation procedure. 
Some cell loss could also be due to the inability of certain protoplasts 
to adapt to culture conditions following cell wall removal. The greatest 
loss occurred among the smallest protoplasts. Many of these small "proto­
plasts" may have been cytoplasmic fragments of large cells. Such cyto­
plasmic pieces can often be seen in strongly plasmolyzed cells and are 
probably released along with the protoplasts. They remain Intact and 
exclude Evan's blue dye for brief periods of time and then are lost from 
the surviving population. 
An optical brightener, calcofluor white M2R, has been used to stain 
the cell walls of higher plants. The brightener binds strongly to cellu­
lose, carboxylated polysaccharides, and callose (Hughes et al., 1975). 
This makes it possible to follow cell wall synthesis as it occurs in 
regenerating protoplasts (Nagata and Takebe, 1970). Freshly isolated 
Figure 20. The cultivation of soybean protoplasts Isolated from pod 
tissue In Kao's Protoplast Medium. Cell counts from two 
experiments were obtained by using a hemacytometer. The 
percentage of living cells was determined by staining 
with fluorescein dlacetate (FDA) and the percentage of 
cells with cell walls was determined by treating the 
sample with Calcofluor White M2R. 
• % of original cell number 
A % of cells living (FDA) 
O % of cells with cell walls 
# % of cells undergoing division 
"sj 
vO 
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protoplasts stained with Calcofluor White M2R did not fluoresce. How­
ever, by 24 hours some of the protoplasts began to show fluorescence 
around the periphery Indicating that cell wall material was present and 
at least 0.2 ym thick. At first, this calcofluor staining material was 
not distributed evenly over the surface of the cell, but concentrated 
over the area of the sphere containing the most cytoplasm. The side 
away from the cytoplasm, containing the bulk of the vacuole, was last to 
stain. 
Many of the protoplasts show localized bulging of the cytoplasm 
after 2-3 days of maintenance In the growth medium (Figure 21Â). This is 
presumably due to a combination of internal pressures and a weakening of 
the cell wall (Bawa and Torrey, 1971). For a brief period of time the 
protuberances remain devoid of calcofluor staining material (Figure 21B). 
However, in time the outer surface of the bulge takes on progressively 
more stain. This blebing may occur repeatedly, terminating in an elong­
ated cell shape that is typical of suspension cultured cells (see below). 
The number of cells regenerating cell walls reaches a peak in about 
three days. The slight drop in the cell wall curve (Figure 20) beyond 
fourth day is probably due to sampling or counting error and possibly 
does not reflect the true situation. The continued decrease in viable 
cell count beyond the third day suggests that some of the cells continue 
to die after they have regenerated partial walls. 
The first cell divisions were not apparent in the cultures until 
after the cells had formed new cell walls (Figure 21C). After a seven 
Figure 2lÂ. Blebing and dividing pod protoplasts. These protoplasts 
were maintained for 72 hours on Kao's medium. A bulge 
has formed on the middle protoplast (arrow). A dividing 
protoplast is seen at the arrow head. X 918 
Figure 21B. The same field as Figure 21A. The protoplasts have been 
treated with Calcofluor White M2R and viewed under ultra­
violet light. Calcofluor attaches to the developing cell 
wall material. The fluorescence is heaviest over the 
original cell and thins out over the newly formed bulge 
(arrow). In the case of the dividing cell (arrow head), 
the fluorescence is brightest over the division plate 
between the daughter cells. X 918 
Figure 21C. Nomarski micrograph showing a procallus presumably 
originating from multiple divisions of a single regen­
erated cell. X 719 
Figure 21D. A small undifferentiated callus after two weeks in culture. 
During this time the cells of the procallus divide many 
times. X 760 
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day growth period, approximately 8% of the remaining cell population was 
undergoing division. This represents less than 1% of the initial proto­
plast population. 
Further cell divisions led to the formation of small procalll con­
sisting of clumps of highly vacuolated cells (Figure 21D). If these 
protocalli were maintained in suspension cultures, compact calli com­
posed of numerous undifferentiated cells formed (Figure 22A). Spreading 
the procalll over a MS agar surface gave rise to rapidly growing friable 
calli which readily turned green upon incubation in light (Figure 22B). 
A small portion (3%) of these calli proved to be rhizogenlc when they 
were grown in the dark on high rooting medium (HSM) agar (Figure 22B}. 
The aerial portion of the roots, formed by these rhizogenlc calli, had 
numerous root hair-like processes, while the portion of the root growing 
below the agar surface was naked. 
Attempts were made to Initiate suspension and callus cultures from 
pod protoplasts derived from varieties other than T219 (see Table 27). 
6 
All varieties test yielded at least 10 protoplasts per gram of tissue. 
Following isolation and washing the protoplasts were suspended in Kao's 
5 
medium to give a final count of about 1 z 10 protoplasts per ml. Proto­
plasts from four of the Glycine max varieties test (T219, Richland, Lin-
man and Beeson) gave rise to suspension and callus cultures. The other 
varieties (Clark, Harosoy 63, Lincoln, Blackhawk, and Mandarin) failed 
to grow when isolated into Kao's medium. An explanation for this appar­
ent failure to grow may lie in the fact that fewer living protoplasts 
Figure 22â. Friable calll formed from regenerated pod protoplasts after 
passage of procalll from regenerating suspension cultures to 
Murashlge-Skoog agar medium. X 1.6 
Figure 22B. Multiple roots developing on pod-protoplast-derived callus 
tissue after passage of procallus tissue from suspension 
cultures to HBM agar medium. Note the presence of root 
hairs (Rh) at the point of origin. X 3 
Figure 22C. A cell clump from an established suspension culture derived 
from regenerated pod protoplasts. This culture was Incu­
bated for 3 days on B5 medium supplemented with IZ coconut 
water. The majority of the cells were typically small, 
round, and fairly conqpact. A few elongated cells were also 
present. X 238 
Figure 22D. A cell clump from the same culture as shown In Figure 22C 
following a total of 9 days of incubation In B5 medium. 
In this older culture more of the cells were elongated and 
tend to divide along one axis to form chains. X 282 
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were obtained from pod tissue of these latter varieties (Table 27). 
Numerous attempts to Isolate and culture Glycine soja and G. clandestine 
pod protoplasts failed because of a persistent bacterial contamination 
of the pods that resisted hypochlorite and ethanol surface sterilization. 
The growth characteristics of shaker suspension cultures derived 
from soybean pod protoplasts was followed for 21 days. Comparative 
growth curves showing changes In fresh and dry weight are presented In 
Figure 23. Inocula of 0.5 gr. fresh weight of a 4-day suspension cul­
ture were placed In 50 ml of B5 medium supplemented with 1% coconut 
water. Four replicate counts were taken of these cultures for each 
growth determination. 
Increase In fresh weight was most rapid from 3 to 6 days. This 
weight Increase continued up to 9 days. During this period of rapid 
growth the doubling time was calculated to be 1.4 days. Growth measured 
by dry welgjht was generally In good agreement with changes In fresh 
weight, however the growth curves of fresh weight and dry weight determi­
nations were not parallel. After five days growth the fresh welgjht curve 
increases at a faster rate than does the dry weigjht curve. On a fresh 
weight basis the growth value (ratio of final weight to initial weight) 
was calculated to be 28. This value compares favorably with the 10 to 
30 fold increase that is typical of suspension cultures following four 
weeks of incubation (Street and Henshaw, 1963). 
Deng-Fong and Boll (1970) report similar types of growth curves for 
Phaseolus vulgaris suspension cultures. They suggest that a difference 
Figure 23. Growth curve of B5 suspension cultures of cells derived 
from pod protoplasts. Cells were grown In 50 ml of B5 
medium contained In 125 ml flasks Incubated In the dark 
at 25*C on a reciprocal shaker running at 120 cycles 
per minute. 
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between the fresh weight and dry weight curve may be due to an Increase 
In water content of the tissue presumably as a consequence of cell expan­
sion. To a certain degree this Is supported by the microscopic examina­
tion of these cultures at various times throughout the culture period. 
During the rapid growth stage the majority of the cells were round to 
oval and tend to form small clusters (Figure 22C). A few elongated 
cells were also present. These larger cells were presumably carried 
over from the parent culture. As the culture aged, clumps of the com­
pact cells were still present, but the majority of the cells had under­
gone marked elongation and vacuolar expansion (Figure 22D). 
Isolation and Cultivation of Intact Soybean 
Leaf Cells 
For many plant cell studies where fusion or cell wall regeneration 
Is not the ultimate goal. It Is not necessary to work with protoplasts. 
In a paper dealing with the mechanical Isolation of Intact single cells 
from leaves of higher plants, Mlksch and Belderbeck (1976) suggested the 
physiology of this system was more closely related to cells within the 
Intact plant than were naked protoplasts. Even though walled cells can 
not be used for fusion and wall regeneration studies, they are becoming 
increasingly useful in the study of various aspects of plant cell physi­
ology (Servaites and Ogren, 1977b; Oliver et al., 1979). 
As yet, there are no published reports of isolated mesophyll cells 
from soybean leaves having been cultured. If this were to be accom­
plished, it would be of interest to determine if the rhizogenie nature 
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of cultured primary leaf expiants reported by Evans et al. (1977) would 
be retained by the Individual Isolated cells as Is the case for pod 
protoplasts. 
Growth and rhlzogenesls of leaf tissue In primary culture 
Evans et al. (1977) reported that they were able to obtain up to 
92% root organogenesis from leaf expiants maintained on a "hl^ rooting 
medium" (HRM) lAlch contained Murashlge-Skoog (MS) inorganic salts and 
0.06 M sucrose with 3.8 mH (NH^)2S0^ and 18.8 mM KNO^. Confirmation of 
these results is presented In Table 32. 
Small pieces (<2 mm wide) of trifoliate leaves from young light 
green (L6) T219 plants were aseptlcally placed on agar surfaces of either 
MS medium supplemented with 2% coconut water and 1 mg/1 each of kinetin 
and 2,4-D, or on high rooting medium (HRM). The expiants maintained on 
HRM formed calll and all of them developed multiple roots as the cultures 
aged (Table 32). Leaf pieces placed on the supplemented MS medium also 
formed rapidly growing calll. This callus tissue turned green when grown 
In the light, but failed to form vlsable plant structure, such as shoots 
or roots, even when maintained for extended periods of time. 
Enzymatic Isolation of leaf cells 
Presently, three methods of separating mesophyll cells have been 
reported; enzymatic (Rehfleld and Jensen, 1973; Aono et al., 1974), 
mechanical (Gnanam and Kulandaivelu, 1969), or a combination of enzymatic 
and mechanical procedures (Servaltes and Ogren, 1977a). 
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Table 32.  Growth of soybean leaf expiants on high rooting medium and 
Murashige-Skoog medium supplemented with coconut water 
Medium Number Planted Resultant Growth 
HBM 8 Colorless callus with 
roots on all pieces 
MS + 2% CW 14 Friable green callus, 
no roots 
HBM High rooting medium (Evans et al., 1977) 
MS Murashige-Skoog medium (Murashige and Skoog 1962) 
CW Coconut Water 
While the isolation of whole cells from plant tissue by enzymatic 
means is possible, it is not in widespread use. The reason for this may 
lie in the difficulty of separating the isolated cells from small undi­
gested clumps. Most workers find it easier to deal directly with proto­
plasts «^en they can be easily obtained (Thomas et al., 1979). Also, 
according to the current dogma, many workers have reported that the use 
of maceration enzymes requires that the cells be highly plasmolyzed 
(Jensen et al., 1971; Cataldo and Berlyn, 1974). Others have found that 
plasmolysis causes severe and irreparable damage to photosynthetic and 
physiological functions of leaf cells (Jones, 1973; Coleman and Mawson, 
1978). 
Freweighed samples of soybean leaf lamellae were incubated in various 
solutions of commercially available enzymes. The incubation solutions 
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were made 0.6 M in respect to mannltol. All enzyme mixtures tested 
released some whole cells from the leaf tissue following 3 hours of Incu­
bation at 30"C (Table 33) . Only In a mixture of Rohament-F and heml-
cellulase did the numbers of cells released level off after the initial 
3 hours. In the other enzyme mixtures cells continued to release from 
the tissue until the experiment was terminated after 6 hours. Best 
yields were obtained from enzyme mixes II, IV, and VI (Table 33). How­
ever, cells Isolated after three hours of incubation in each of these 
enzymatic mixtures failed to survive for 18 hours in HEM medium. 
Mechanical Isolation of leaf cells 
Various mechanical methods have been used to separate leaf cells 
and in some plants the cells have been Induced to undergo dedlfferentla-
tlon and division(Kohlenbach, 1959; Mlksch and Belderbeck, 1976). The 
leaf cells of certain plant species will not separate by mechanical 
means (Jullien and Rossini, 1977). Success apparently depends upon the 
anatomy of the leaf which must have a spongy structure with loosely con­
nected cells encased in strong cell walls (Esau, 1977). 
In the course of attempting to obtain greater exposure to leaf cells 
to the cellulase enz]nne8, it was discovered that a gentle abrading of the 
leaf undersurface with a dull scalpel edge freed many single cells which 
appeared to be undamaged. This mechanical separation method offered the 
advantage of not having to expose the cells to exogenous enzymes and 
enzyme byproducts, and to the harmful effects of strong plasmolysis. 
Recently, Oliver et al. (1979) successfully prepared soybean leaf 
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Table 33. Yield of Intact soybean mesophyll leaf cells following 
various enzymatic treatments 
Treatment Enzymes^ Percent pH Number per gram Number per gram 
concentration leaf tissue (3h) leaf tissue (6h) 
Cellulase RIO 2 
Macerozyme RIO 2 
hemlcellulase 2 
5.5 5.9 x 10^ 5.4 x 10^ 
II Rhozyme Hpl50 2 g 
7 Melcelase 4 5.5 9.5 x 10 1.1 x 10 
Macerozyme 0.3 
III cellulase^ 2 - , 
Rohament F 2 5.5 8.2 x 10 4.4 x 10 
hemlcellulase 2 
I 1.^  . lo' 2.4 , lo' 
' 2 
" 2 1-2 =• I-' 1°' 
Enzymes were dissolved In CPW salts +13% mannltol Incubated 
at 30*C for specified time. 
b 
Calblochem 
cells for short term photosynthesis studies by grinding the tissue In a 
mortar with sharp sand. This report led to the testing of different 
grinding and abrading procedures to determine which would yield the great­
est number of viable single cells. The best method for Isolation of 
abundant mesophyll cells was to gently grind the leaf tissue in a small 
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mortar for a few minutes. This method is similar to that employed by 
Gnanam and Kulandalvelu in 1969 for isolation of cells from Doliches 
lab where the main objective was to Isolate large quantities of Intact 
cells and not subcellular organelles. 
Large pieces of intact leaf tissue and cell clumps could be removed 
by passing the ground preparation through a 64 ym sieve. The inclusion 
of sand did not aid in releasing Intact cells and led to extensive cell 
breakage as did too vigorous grinding. 
The results of several experiments designed to determine which set 
of conditions would give the best survival of mesophyll cells isolated 
from ground tissue are shown in Table 34. Cells ground in MS medium did 
not survive when suspended in various growth media. However, supplement­
ing the MS medium with 0.75 M mannitol (determined to be best for pod 
protoplasts) had some beneficial effect on the initial recovery of 
viable cells. Cells obtained from tissue after grinding, washing, and 
being placed in HSM also failed to survive beyond the first 24 hours, 
even though these cells showed relatively higher survival at the outset. 
An efficient method of isolating soybean leaf cells using a combined 
enzyme-mechanical technique was used by Servaites and Ogren in 1977. 
These workers found that cells, isolated by this method, retained high 
levels of photosynthesis even upon storage in the dark for long periods 
of time. The initial survival of leaf cells isolated into Servaites-
Ogren buffered salt solution (Servaites and Ogren, 1977a) was only 
slightly better than the immediate survival of cells from tissue ground 
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Table 34. Survival of Isolated soybean mesophyll cells following 
grinding In various media. 
Ground Rinsed and Initial 24 Hour 
In Suspended In Survival Survival 
MS® MS 26 0 
MS + 2% CW^ 31 0 
B5 28 0 
Kao's 26 0 
HRM® 25 0 
MS (0.75M) MS (0.7M) 30 0 
MS (0.65M) 23 0 
MS (0.38M) 12 0 
MS 18 4 
MS + 2% CW 16 7 
B5 18 12 
Kao's 24 8 
HUM 19 7 
HUM HRM 54 1 
Servaltes^ Servaltes 42 16 
HgO H^O 45 27 
CPW® CPW 56 40 
CPW (0.3M) CPW (0.3M) 54 38 
®(#M) MS + (Moles mannltol). 
^Coconut Water. 
^Hlgh Rooting Medium (Evans et al., 1977), 
^Servaltes Medium (Servaltes and Ogren, 1977a). 
®CPW(# M) - CPW + #mM MES buffer. 
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In MS supplemented with 0.75 M mannltol (Table 34). The long-term sur­
vival in Servaites-Ogren solution was comparatively the better of the 
media tested. Mesophyll cells from tissue ground, washed, and maintained 
in sterile distilled water were also stable, with only a 50% loss over 
a 24-hour period. This result suggested that a balanced salt solution 
might be an improvement. 
Even though there was still loss of viability over the first 24-hour 
period, cell/protoplast (CFW-see Appendix B) salt solution was most 
effective in maintaining the cells in the living state for extended per­
iods of time (Table 34). The addition of 0.3 M mannltol to the CFW solu­
tion did not significantly effect cell survival. The CFW solution was 
further modified by the addition of 20 mH MES to maintain the pH at 5.8 
during the isolation procedure. The presence of this buffer in the wash 
solution had little effect on cell yield or survival (Table 34). 
It has been shown that In order to achieve maximum cell regenera­
tion from mesophyll protoplasts it is necessary to carefully consider 
the physiological stage of development of leaf material (Kartha et al., 
1974a; Watts et al., 1974; Davey et al., 1974). Further investigation was 
directed at determining the effect of leaf age on the recovery and sub­
sequent survival of isolated leaf cells in culture. 
Mesophyll cells were Isolated from the primaries and each of three 
trifoliate leaves taken from young T219 plants. The leaves from the 
primaries and each trifoliate were ground separately or in mixed batches 
(Table 35). The yields of living mesophyll cells from the primary and 
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Table 35. The effect of leaf age on mesophyll cell survival. The 
cells were ground In CFW + 20 mM MES suspended In B5 medium 
Leaf Type and Position Hours in Culture® 
on Plant Initial 48 Hours 
primary leaf 1.8+ 1.5 NLC^ 
first trifoliate 19.5± 3.0 NLC 
second trifoliate 36.2± 5.0 11.4± 2.7 
third trifoliate^ 33.6± 6.5 16.4± 4.0 
mixed trlfollates*^ 11.0± 2.0 NLC 
and primaries 
^Figures given as % survival ± one standard deviation. 
Each number Is the average of at least four counts-. 
^No living cells. 
^pper most leaf —just opening. 
d 
One leaflet from each leaf on one plant. 
first (oldest) trifoliate were reduced and these cells failed to survive 
for 48 hours In B5 medium. Microscopic examination revealed that these 
cells were filled with starch. Mesophyll cells from the youngest leaves, 
the second and third trlfollates, tended to survive the Isolation better 
and a few even survived for 48 hours In B5 medium. Microscopic examina­
tion of these cells Indicated that they contained less stored starch. 
The mixing of cells from leaves of different ages proved to be detrimental 
not only to the Initial yield of living cells, but also, to the subse­
quent survival of the cells in B5 medium. These results are similar to 
those of von Arnold and Eriksson (1976) who reported that high yields of 
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viable protoplasts were produced from pea leaves provided that only 
leaves of the same age were used In each preparation. Based on these 
findings, only young trifoliate leaves were used for further experimenta­
tion. Care was also taken to use leaves at the same stage of develop­
ment, harvested from healthy plants, of the same age, grown in a chamber 
under identical conditions. 
Microscopic examination of the liquor resulting from grinding the 
leaf tissue in a smooth mortar revealed not only the presence of predomi­
nantly whole palisade and spongy mesophyll cells, but also, free starch 
and chlorophyll. While the chlorophyll and other cellular conqponents 
could readily be removed by multiple washings, their presence in the 
ground preparation indicates that some of the cells were being lysed in 
the grinding process. An alternate, less harsh means of mechanically 
isolating leaf cells was sought. 
Cells and clumps of cells were released from leaf tissue placed in 
a small flask and rapidly beaten with an unbalanced Teflon bar. While 
1 fewer cells were obtained by this method (approximately 8 x 10 cells/ 
7 
gram leaf tissue mortar ground, and 3 x 10 cells/gram tissue Teflon bar 
beaten), less cellular debris, chlorophyll, and starch were released into 
the isolating medium indicating less cell breakage. The data from an 
experiment which compares grinding with beating are presented in Figure 
24. In this case leaf cells were Isolated either by grinding leaf tis­
sue in a smooth mortar or by placing the leaf tissue in buffered CFW 
salts and beating It with an unbalanced smooth Teflon stir bar. In both 
Figure 24. A comparison of two mechanical Isolation procedures on 
survival of leaf mesophyll cells. The cells were sepa-
arated Into CPW salt solution by either grinding leaf 
tissue with a smooth mortar or beating the tissue with 
a smooth Teflon bar. Following separation the cells 
were washed with buffered CPW salt solution and then 
maintained for 4 days In conditioned B5 medium. Bars 
represent one unit of standard error between three 
counts. 
200 
70 
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cases the preparations were sieved through a 64 ym sieve, rinsed several 
times with buffered CPW salts and resuspended In conditional B5 medium 
(see discussion below). 
Mesophyll cells Isolated by grinding were unstable and continued to 
die In the conditioned medium until, by 72 hours, only a low percentage 
remained viable. On the other hand, the Initial survival of the cells 
Isolated by beating was quite high (67%). These cells were more stable 
In culture, with an estimated 52% remaining alive following 72 hours of 
Incubation. These cells recovered fully, underwent expansion, division, 
and subsequent callus formation. 
A comparison of the degree of cell separation between the two mech­
anical Isolation techniques employed is given in Table 36. The extent 
of cell separation was found to be comparable regardless of which method 
was employed, and by passing the preparation through a 64 ym sieve, 
between 80% and 90% of the cells were singles. This percentage could 
probably be improved throu^ the use of a small mesh sieve. 
Predominately rectangular palisade and Irregularly shaped spongy 
mesophyll cells were separated from the leaf tissue by both techniques. 
Microscopic observation of cells isolated into buffered CFW-MES revealed 
that the chloroplasts of the living cells were highly refractive and 
tended to be positioned at the periphery of the cells (Figure 25A). 
These cells also often contained a large central vacuole and the plasma-
lemma appeared to be closely appressed to the cell wall. Such character­
istics made it easy to distinguish living from dead cells. In the dead 
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Table 36. Comparison of methods of leaf cell isolation in relation 
to mechanical cell separation. Numbers represent per­
centages of the total cells recovered 
Isolation 
Method Singles Doubles Triples Multiple 
I. Ground with smooth 88 9.3 1.2 1.3 
mortar 
II. Beaten with smooth 82 13 3.3 1.0 
Teflon bar 
cells the chloroplasts were less refractive and were either scattered 
throughout the cell or clustered in a tight central group. Often dead 
cells appeared somewhat plasmolized in that the plasmalemma was pulled 
away from the cell wall. These observations resemble those of Colman 
et al. (1979) who successfully isolated photosynthetically active meso-
phyll cells from Asparagus cladophylls into low osmotic solutions by 
mechanical means. 
Another method of confirming cell survival was the use of the vital 
dye Evan's blue (Kanai and Edwards, 1973a). Living cells with intact 
cell membranes are impermeable to the dye, while dead cells readily take 
up the blue color. Figure 25B shows a group of separated leaf mesophyll 
cells which have been stained with Evan's blue. Based on light micro­
scope characteristics described above, and on Evan's blue dye exclusion, 
as many as 70% to 80% of the cells isolated by the Teflon bar method 
Figure 25A. Soybean leaf mesophyll cells Immediately after Isolation In 
buffered CFW salt solution by mechanical means. Living 
cells (L) can be easily recognized by the presence of 
refractive plastlds around the periphery. Dead cells (D) 
are typically plasmolyzed and lack the refractive plastlds. 
Both rectangular palisade and Irregularly shaped spongy 
mesophyll cells are present. X 722 
Figure 25B. Soybean leaf mesophyll cells shortly after Isolation into 
CFW-MES salt solution by Teflon bar beating. Evan's blue 
stain has been used to distinguish between living and dead 
cells. The living cells exclude the dye while the dead 
cells become stained. Both palisade and spongy mesophyll 
cells survive the Isolation procedure. X 392 
Figure 25C. Isolated leaf cells after four days culture In conditioned 
B5 medium. Again, Evan's blue was used to distinguish 
between living and dead cells. At this stage, the living 
cells have expanded and show distinct plastlds. X 629 
Figure 25D. A mesophyll cell first cultured on condition B5 and then 
passed to fresh B5 medium. The cell is shown 21 days 
after Isolation. It has expanded with an extensive vacuolar 
system and has recently undergone division with a division 
plate (P) formed between the dau^ter nuclei. X 850 
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(beating) were viable. 
Cultivation of intact leaf cells 
The results of attempts to grow mesophyll cells on several differ­
ent plant culture media are presented in Table 37. Cells isolated by 
the bar beating technique failed to survive when placed directly in HBM 
medium following repeated washing in CPW-MES solution. However, freshly 
isolated cells did survive initially in Kao-Mlchayluk medium (KM). This 
medium has been used extensively for promoting the recovery and growth 
of protoplasts from various plant species (Kao and Mlchayluk, 1975). 
Isolation of intact cells into osmotlcally modified KM medium (brought 
to 0.3 M with respect to sorbitol) gave a better initial survival, but 
these cells proved to be unstable under these conditions and few living 
cells remained after 72 hours. A low percentage of Isolated mesophyll 
cells also survived for the three-day period when they were maintained 
in fresh B5 medium. This prompted further investigation into the possi­
bility of modifying B5 medium in such a way that it could support the 
growth of separated leaf cells. 
Stuart and Street (1969) found that a liquid medium which has pre­
viously supported the growth of a cell population for an appropriate 
period of time is often capable of initiating division in a new culture 
that is Inoculated well below the critical density required for fresh 
medium. It has been postulated that the presence of actively growing 
cells in the medium in some way modifies or conditions the medium making 
It more conducive to support low densities of cells. Other workers have 
206 
Table 37. Survival of mesophyll cells isolated in CFW + 20 M MES in 
Various media 
* Hours in Culture 
Medium Initial 24 72 
KM 20.8±1.7 1.0±0.8 -
KM (0.2M) 15.3±1.5 0.310.5 
KM (0.3M) 36.0±3.5 19.3±6.0 1.210.4 
B5 25.315.7 20.012.2 2.811.8 
CB5 53.513.6 51.816.7 51.014.5 
* Figures given as % survival 1 one standard deviation. Each 
value is the average of at least four counts. 
CB5 Conditioned B5 medium derived from a 4-day soybean cell 
suspension culture. 
shown that medium conditioned by one plant tissue can be promotive to the 
growth of cultures of a different tissue (Duhamet, 1957; Benbadis, 1968). 
Since this time various aspects of using conditioned medium to promote 
growth of plant cells have been successfully advanced. 
Experiments were designed to test the possibility of using condi­
tioned B5 medium to improve the recovery and growth of intact cells. The 
initial survival of cells isolated into conditioned B5 medium (see Appen­
dix B) was comparatively higher than the survival in any of the other 
media tested (Table 37). Surviving cells maintained in this medium were 
more stable and less loss of viability occurred after an initial 24-hour 
period of adjustment (Figure 24). After being placed in this medium the 
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cells remained morphologically unchanged for 72 hours. Cellular growth 
was first evidenced by an expansion of the living cells after 4 days In 
culture (Figure 25C). At this time the surviving cells could be dis­
tinguished by their larger size and the presence of highly refractive 
peripheral plastlds. 
Two weeks following Isolation, the cells were passed to fresh B5 
medium for Initiation of suspension cultures. In three weeks time some 
of the surviving cells formed elongated processes giving them a pear­
like appearance. If the recovered cells were allowed to continue to 
grow as suspension cultures, they typically became quite elongated and 
no longer resembled the mesophyll cells from which they were derived 
(Figure 26B). As many as 40% of the surviving cells were observed to be 
in the process of division and in some cases small procalll composed of 
highly vacuolated cells with distinct plastlds were formed (Figure 26A). 
Samples (0.1 ml) of these cultures containing a density of 2.5 x 
4 10 cells/ml were plated on MS agar medium containing several concentra­
tions of 2,4-D ranging from 0.0 to 0.25 mg/1, and klnetln ranging from 
0.0 to 1.0 mg/1. The resulting plating efficiencies (number of cells 
forming calll/number of cells plated) are presented in Table 38. No 
growth occurred in media deficient in klnetln. The highest plating 
efficiencies (0.4%) were obtained in medium containing at least 0.06 
mg/1 2,4-D and 0.25 mg/1 of klnetln. Multiple adventitious roots were 
formed only on calll grown on media containing 0.12 mg/1 of 2,4-D and 
0.25 mg/1 klnetln (Figure 26C). When the procalll from Isolated cells 
Figure 26A. Nomarskl micrograph of a group of nesophyll cells, 21 days 
post Isolation, cultured on B5 medium following Initial 
recovery on conditioned B5 medium. The cells composing 
this cluster have divided several times and formed elongated 
processes. Each cell Is extensively vacuolated and contains 
many distinct plastlds. X 731 
Figure 26B. Cells from established mesophyll suspension cultures are 
typically elongated and lack defined plastlds. X 637 
Figure 26C. When small procalll were placed on MS agar containing 0.12 
mg/1 of 2,4-D and 0.25 mg/1 of klnetln, callus tissue 
developed In about one month. Frequently, multiple adven­
titious root-like processes were formed over the surface 
of these calll. X 4.5 
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Table 38. Growth of cell cultures on MS medium containing various con­
centrations of 2,4-D and klnetln. The values represent the 
plating efficiencies (number of cells forming calll/number 
of cells plated) for each of the concentration combinations 
tested. Numbers In parentheses represent the percentage of 
calll forming multiple adventitious roots. The cells were 
plated at a density of 2.5 x 10^ cells/ml. 
2,4-D mg/1 
0 0.03 0.06 0.12 0.25 
0 — — — — ——— 
0.25 
klnetln 
0.1 0.04 0.3 0.4 
(60) 
0.2 
(100) 
mg/1 
0.50 0.3 0.1 — 0.3 0.4 
(60) 
1.0 0.1 0.03 0.1 0.2 0.2 
(25) 
were plated on MS agar with 0.25 mg/1 of both 2,4-D and klnetln, all of 
the developing calll became rhlzogenlc. Both plating efficiencies and 
root organogenesis were curtailed In Identical sets of plates grown In 
the light. 
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DISCUSSION 
Fiants are unequivocally the major food supply of the world, occupy­
ing the base of the so-called food pyramid. As an example, Indian com 
or maize Is the leading crop In the United States, covering up to one-
fourth of the total crop land (Poehlman, 1977). It Is used principally 
as a feed grain for livestock, but Is also becoming a source of an 
Increasing number of Important Industrial products, as well as an Impor­
tant renewable energy supply. Soybeans are also of special significance 
as a food crop since they contain up to 38% protein In their harvested 
seeds (Boulter and Crocomo, 1979). These economically Important crops 
conqplement each other In several different ways. Corn possesses an 
efficient C-4 photosynthesis system which Is 40% more efficient In net 
capture of solar energy than the C-3 system of soybeans. On the other 
hand, soybeans are capable of fixing atmospheric nitrogen and therefore 
need less fertilizer than com. Another Important consideration Is that 
cereals and legumes complement each other nutritionally; the low levels 
of sulfur amino acids In legumes are largely offset by their high concen­
tration In many cereals, and the legumes compensate for low levels of 
lysine In cereals. 
For many years there has been a great desire to combine these 
desirable traits Into one plant system. Since this can not be accom­
plished by conventional breeding means an attractive alternative would be 
to fuse totipotent somatic cells. Within the past few decades new plant 
tissue and cell culture techniques have been developed which have stlmu-
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lated great Interest In this possibility, a number of plants have been 
regenerated from single protoplasts and a few novel plants have been 
developed from fusion products (Melchers et al., 1978; Carlson et al., 
1972). 
Plant tissue culture techniques may be considered most useful if 
they can be applied directly to agronomically important crops. One of 
the first steps is to develop in vitro culture systems. Ideally, the 
next step would be to define the permissive conditions that initiate 
differentiation of meristematic centers capable of organogenesis and 
plant regeneration. Once this is accomplished, single cells or proto­
plasts can be isolated from these centers. Although much work has been 
directed toward the problem of differentiation in com and soybean in 
vitro systems. very little actual progress has been forthcoming. 
Growth of Com Tissue in Culture 
In contrast to com endosperm tissue, callus cultures from diploid 
tissues have been established only in the last two decades. Prior to 
this, unsuccessful attempts were made to establish cultures from node, 
Intemode, and Intercalary merlstem tissue using a variety of media 
(Tamaoki and Ullstrup, 1958). These workers accounted for this failure 
of diploid tissue to respond in culture as being due to undefined dif­
ferences in nutritional requirements. 
Green et al.(1965) used sections taken from growing points of 6 to 
10 leaf plants to initiate cultures on a specifically modified growth 
medium. Since these tissues are actively growing and differentiating 
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when they are associated with the plant, It seems likely that they might 
continue these processes in culture. 
Tissue taken from the growing point of plants, ranging from the 5-
leaf stage to the 15-leaf stage, formed "callus" and root masses when 
placed on MS medium (Table 4) . Althougjh these cultures could be prop­
agated by serial passage, no further differentiation occurred even 
though in numerous cases the level of auxin (2,4-D) was altered. This 
suggests that either those cells that were differentiating into leaf 
tissue do not continue to propagate or they undergo a change in their 
pattern of differentiation to form rhizogenie tissue masses. The 
observed incidence of root formation in these com cultures is consis­
tent with reports in the literature. Mott and Cure (1977) describe a 
similar type of growth from expiants of mesophyll tissue taken from 
hybrid maize embryos. Microscopic observations of this tissue revealed 
that it consisted of an aberrant form of root growth. Once this tissue 
becomes established as a root organ culture, neither growth pattern nor 
propensity for root regeneration can be altered appreciably by growth 
regulator manipulation. 
Due to the difficulties encountered in initiating com tissue cul­
tures from grown plants, many of the early workers turned to the use of 
expiants from germinated seedlings. The most commonly employed starting 
material was from nature embryonic tissues or from young seedling parts. 
These tissues which are developing rapidly might be expected to be a 
good source of totipotent or differentiating culture material. This is 
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supported by the work of Mascarenhas et al. (1965) who successfully 
established cultures of callus and roots from root tissue expiants of 
Golden Bantom sweet com seedlings. Burr and Nelson (1972) were also 
successful In initiating callus cultures of mesccotyl tissue taken from 
germinating seedlings of variety À632, 
Further support for the regenerative capacity of seedling tissue 
comes from the work of Harms et al. (1976) who reported that shoots 
formed on callus tissue derived from the mesocotyl region of cv 'prior' 
seedlings. In this case, however, there was no evidence to show contin­
ued propagation of regenerating tissue beyond a relatively low passage 
level. Therefore, there remains some question as to whether the differ­
entiating tissues actually arose from the growing callus or from vestiges 
of the original embryo. 
The use of this type of material offers several distinct advantages 
over expiants from grown plants. Large plants require a long growing 
time and a tedious dissection of the growing point. Tissue expiants 
taken from the field or greenhouse reared plants are often hard to ster­
ilize and require direct exposure to harsh sterilizing agents that could 
possibly affect subsequent growth. Since dried seeds can be sterilized 
prior to germination in an aseptic chamber, this process is not necessary 
for seedlings. Finally, seeds can be germinated under tigjhtly controlled 
conditions. This eliminates influences of a fluctuating and inconsistent 
growth environment. 
Tissue expiants of roots and mesocotyl regions of sprouted seedlings 
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grew under the culture conditions described in this study (Table 4). 
However, similar to the tissues taken from the growing points of devel­
oped plants, this tissue did not differentiate beyond the formation of 
roots. Apparently this tissue also tends to revert to a "root organ" 
culture which is Incapable of forming shoots or new plantlets under the 
conditions tested. 
The relative success of initiating cultures from germinating seed­
lings suggested further possibilities of obtaining a totipotent tissue 
source. It is conceivable that further subdivision might yield a tissue 
capable of both continued growth and morphogenesis. This concept was 
supported by the work of Green et al. (1974) who found that "callus" tis­
sue infrequently grew at the first node of excised embryos placed 
directly on the surface of a growth supporting medium containing 2,4-D 
as an auxin source. 
In this study, embryos of Inbred variety Â188 were dissected out of 
the kernel and placed on MS growth medium. As the seedling developed, a 
prominent coleoptlllar node formed on the stem portion. Sections were 
made through this node and placed on 6R medium containing a reduced 
amount of 2,4-D (0.5 mg 2,4-D/llter). Subsequent growth of these sec­
tions was found to be dependent on the relative position from which the 
sections were taken. Sections taken closest to the developing leaves 
formed expanded leaf pieces that failed to grow or develop further. No 
roots or callus tissue were ever formed by these "leaf section" expiants. 
Sections taken at the opposite end of the node frequently developed adven-
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tltlous roots, while mid-node sections Infrequently formed both shoots 
and roots. 
From these results,It appears as though the developmental patterns 
of the tissues that compose the coleoptlllar node are quite polarized at 
an early stage. While stem tissue retains Its capacity to form adven­
titious roots, under the conditions tested, the leaf or shoot tissue 
simply expands without further development. In all but a few cases, only 
a single plantlet (complete with leaves and roots) was formed by the mid 
sections of the node. These sections could conceivably contain stem 
tissue which retained a rhlzogenic capacity, and enough of the shoot 
merlstem to continue growth as a coordinated unit. If this is so, the 
development of a whole plantlet from these sections is simply a continu­
ation of the growth of predetermined tissues. 
In the studies previously discussed cultures were initiated from 
diverse maize tissue expiants. The tissues of most of these cultures 
eventually became rhlzogenic. Aside from the mid-node sections no new 
shoots, embryos or plantlets were formed. Since the regeneration of 
com plants from cultured material was the goal of this study, attention 
was directed towards the possibility of using mature and Immature com 
embryos. 
The hypothesis was that certain specific parts of cereals may yield 
cultures which transcend the restrictive root organ culture stage to 
become truly unorganized callus capable of reliable de novo shoot initia­
tion (Cure and Mott, 1978). Recently, callus was Initiated from the 
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scutellum of Immature maize embryos from which numerous plants have been 
regenerated (Green and Phillips, 1975). 
In this study attempts were made to initiate differentiating com 
cultures from expiants of fully mature imbibed embryos. Strain A632 was 
chosen because of its highly inbred nature. Sections of Imbibed embryo 
and scutellum tissue grown in vitro typically behaved like the sections 
taken from the coleoptillar node region. Expiants from the radicle end 
formed rooted tissue masses while sections from the opposite end of the 
embryo formed abortive leaves. The scutellar tissue included in these 
sections remained unchanged in culture. 
Since Green and Phillips (1975) reported that they also failed to 
derive differentiating callus from expiants of inbred Â632 embryos, 
attention was turned to the use of immature embryos of strain Â188. 
This genotype has been shown to be capable of forming calliis cultures 
which show a high degree of morphogenesis (Green, 1978). 
Whole embryos, including scutellum, from developing A188 kernels 
were explanted and placed on growth agar containing 2,4-D. In many 
cases,the tissue from these expiants grew and developed multiple green 
merlstematic centers which often differentiated into shoots (Table 4). 
In an attempt to optimize conditions for this type of growth response, 
a nunter of parameters were explored. 
The orientation of the excised embryo in relationship to the agar 
surface was found to greatly influence the subsequent ^  vitro growth 
response. If the embryo axis was positioned away from the agar surface. 
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the embryo expanded and developed at the expense of the scutelltim. On 
the other hand, if the embryo was placed directly in contact with the 
agar, embryonic development was inhibited. The scutellum of these 
expiants typically expanded, forming a callus-like growth with rapidly 
growing green regions which frequently developed into small two to 
three leaf shoots. 
Further plantlet development was accomplished by initially lowering 
the 2,4-D (which encouraged root growth) and then completely eliminating 
2,4-0 from the growth medium. This observation is consistent with that 
of Green (1978) who found that scutellar tissue maintained on 2,4-D con­
taining medium underwent shoot organogenesis. Root growth on the regen­
erated shoots appears to be strongly inhibited by the concentrations of 
2,4-D necessary for initiation and maintenance of differentiating 
scutellar tissue growth. Only after the growth regulator concentration 
was lowered did adventitious roots grow from the developing shoots. 
Serial passage of this differentiating tissue was possible as long 
as differentiating centers were Included in the transplant. Passage of 
small portions of tissue lacking visible centers to medium deficient In 
2,4-D resulted in growth of rapidly proliferating rhlzogenlc tissue 
which did not form centers or shoots. 
Green and Phillips (1975) also found that the age of the developing 
embryo had a marked Influence on the formation of callus and subsequent 
plantlet regeneration. The fact that scutellar tissue may be responsive 
to growth and regeneration only at certain developmental stages is 
219 
further supported by the data presented here. Embryos from young 
kernels (13 to 14 days following pollination) were found to be best for 
culture Induction and subsequent morphogenesis. As the embryo matures, 
It Is less likely to respond In a predictable manner. Older, larger 
embryo/scutellum expiants typically form rhlzogenlc tissue masses or the 
embryo grows while the scutellum remains unchanged. 
Recently, Springer et al. (1979) observed that merlstematlc centers 
arise on the epithelial layer of the growing scutellum. The cells in 
this layer, and in layers adjacent to it, become highly mitotic and 
differentiate into shoot primordia. This type of growth is quite dif­
ferent from the growth of tissue explanted from mature plant growing 
points, coleoptlllar nodes, and older, fully mature imbibed embryos. 
These latter tissues tend to form essentially organ (root) cultures. 
Cure and Mott (1978) suggest that, for some grasses such as com, 
reliable ^ vitro shoot regeneration requires methods designed to circum­
vent the dependence on root-like organ cultures. The shoot forming 
characteristic of cultured scutellum provides a propagatable source of 
differentiating maize tissue capable of full plant morphogenesis. 
Isolation and Culture of Com Protoplasts 
There are good arguments for the concept of "totlpotency" of higher 
plant cells. However, much of the experimental support for this theory 
comes from herbaceous species. The difficulties encountered in Isolating 
and culturlng isolated somatic cereal cells has greatly hindered progress 
towards plant regeneration in this group. Nevertheless, lAole plants 
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have been regenerated from protoplasts of awnless brome (Gamborg et al., 
1970). Some success has also been achieved by Brenneman and Galston 
(1975) who observed cell wall regeneration and limited division in proto­
plasts derived from the leaves of Avena. Recently, embryoids were 
formed from protoplasts of Pennisetum americanum (Vasil and Vasil, 1980). 
This report was the first demonstration that the protoplasts of some 
cereals are indeed totipotent and fully capable of regenerating whole 
plants. It encourages the hope for the future achievement of techniques 
necessary for totipotent protoplast regeneration of other cereals, 
especially com. Until this has been accomplished, tissue culture tech­
niques can not be effectively extended to plant breeding of this impor­
tant crop plant. 
It is apparent that the first step in achieving this goal would be 
to develop an effective method of isolating viable protoplasts from com 
tissue. Protoplast regeneration has been most successful using leaf 
protoplasts from herbaceous plants, and consequently experiments with 
cereal protoplasts have mainly involved leaf material (Cocking and Evans, 
1973; Chakrabarti, 1971; Okuno and Furusawa, 1977; King et al., 1978; 
Chin and Scott, 1979). This is surprising in light of the fact that in 
most cases tissues from leaf expiants do not fare well in culture. 
The commercially available enzymes are usually crude extracts 
derived from various plant pathogens. The effectiveness of these enzymes 
is thought to depend upon the presence of mixed enzymatic activities 
(see Appendix B). Such mixed action may be necessary for degradation of 
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of the cell wall which often consists of many different kinds of chemi­
cal bonds as well as diverse enzymatic species, such as pectins, cellu­
lose, hemicellulose, etc., (Northcote, 1972). However, many of these 
crude enzyme mixtures also include nucleases, lipases, proteases, and 
various salts, some of which could conceivably injure the protoplasts 
upon release (Cocking, 1972; Vasil and Vasil, 1980). 
The relative ease with which protoplasts can be obtained from com 
leaf tissue makes this system a good model for testing and developing 
isolation protocols. Many of the previously published procedures relied 
on the use of two or more enzymes (usually a pectinase and a cellulase) 
to release protoplasts from com leaf tissue (Evans et al., 1972; Evans 
and Cocking, 1977; Potrykus et al., 1977; Chin and Scott, 1979). 
Evidence presented here suggests that certain of the commercial 
enzymes were ineffective in releasing protoplasts from com leaf tissue 
when used alone or in combination (Table 8). However, Cellulysin 
(Calbiochem) was effective in bringing about release when used alone at 
a relatively low concentration. This observation is supported by the 
work of Okuno and Furusawa (1977) who found that Onozuka cellulase used 
alone was effective in releasing protoplasts from com leaf tissue. 
Since this enzyme like Cellulysin is isolated from extracts of Tricho-
derma vlrlde (see Appendix B) it would be expected to exhibit similar 
activity. Chin and Scott (1979) found that Cellulysin at 1% (w/v) acted 
as an effective substitute for Onozuka cellulase and greatly expedited 
the release of viable leaf protoplasts. 
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Time course release data, presented In Figure 8 ,  show that a 1% 
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concentration of cellulysin brought about a release of better than 10 
protoplasts per gram of tissue following only three hours of incubation. 
Prolonged incubation (beyond six hours) proved to be harmful to the 
protoplasts resulting in reduced numbers with time. This protoplast loss 
was probably due to an increasing instability brought about by unknown 
constituents in the crude enzyme "mixture." Similar results of increas­
ing protoplast instability in mixed enzyme preparations with time is 
given in the soybean pod protoplast data. Since the number of com 
protoplasts released by this single enzyme source was comparable to 
systems using mixed enzymes, from different sources, it would seem better 
to employ the simpler case rather than compounding the experimental 
complexity by use of several different crude enzyme mixtures. 
Another possible reason for protoplast instability might lie in the 
glucose osmoticum used in the isolation procedure. In the past meta-
bolically active sugars have been used as osmostabilizers because cellu­
lar metabolism will gradually reduce the osmotic level of the medium by 
converting carbohydrate into cell substance. This type of osmoticum has 
been used extensively for various protoplast isolation systems (Gamborg 
and Wetter, 1975) Including maize (Okuno and Furusawa, 1977). Since 
glucose is metabolically active it is conceivable that the high concen­
trations necessary to osmotically stabilize the naked cells upon release, 
may "poisen" active enzyme systems leading to death and subsequent 
cell lysis. 
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Attempts to grow isolated leaf protoplasts in modified com growth 
medium and medium especially designed for the recovery and regeneration 
of herbaceous plant protoplasts failed. This is not surprising in light 
of the fact that Potrykus et al. (1976) tried to grow com leaf proto­
plasts on about 80,000 different variations of culture media. Even after 
completion of this extensive study,the conditions most favorable to 
recovery and growth had not been found. 
Such an apparent "dead end" in the use of com leaf protoplasts in 
culture led to the consideration of other actively growing tissues as 
potential sources of culturable protoplasts. Poor yields of protoplasts 
were obtained from roots and tissue discs cut from the apical nodes of 
young com plants. This may be due to poor enzyme penetration into these 
rather compact tissue masses. However, again Cellulysin proved to be 
most effective in bringing about protoplast release. 
The cell walls of cultured tissue, derived from apical nodes, 
grown ^ vitro proved to be quite resistant to both Cellulysin and Drise-
lase. Again, this nodal tissue grows in very compressed masses which 
may hinder complete enzyme penetration. Such apparent resistance of cal­
lus tissue to enzymatic treatment has also been observed by Bawa and 
Torrey (1971) who found that com callus tissue required a longer period 
to release protoplasts than did seedling tissues. 
Since differentiating scutellar tissue can be maintained in actively 
growing and differentiating cultures, it would be feasible to consider it 
as a potential source of protoplasts. Com tissue maintained in vitro 
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offers several distinct advantages that are not found when working with 
primary tissue obtained directly from a plant. For example, since this 
tissue is already adapted to and growing under artificial conditions, 
protoplasts derived from it might be expected to be more capable of 
recovery and growth in culture. This concept finds support in some 
recent publications. Brar et al. (1979) reported cell wall regeneration, 
budding and infrequent division in com protoplasts derived from suspen­
sion cultures. In time, however, these protoplasts degenerated even 
under a wide range of cultural conditions. Potrykus et al. (1979) car­
ried this one step further by achieving regeneration of callus cultures 
from maize protoplasts derived from established tissue cultures. 
There is a certain degree of risk in using tissue established in 
culture for this endeavor. In cases where dividing protoplasts have been 
Isolated from tissue grown 1a vitro, they have come from cultures of a 
unique type. These consist largely of small clusters of rapidly dividing 
cells which have been termed 'cell lines' (King et al., 1978). Such cell 
lines are characterized by ploldy abnormalities and loss of morphogenetlc 
activity. This variation in cultured tissue is further discussed in the 
soybean differentiation section. 
Another advantage to using axenlcally grown tissue for protoplast 
production lies in the fact that It eliminates the necessity of exposing 
the tissues to the harsh chemical agents used for surface sterilization. 
Even though the tissue is carefully washed, exposure to hypochlorite 
and alcohol may in some way affect the survival of the protoplasts 
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released. 
In addition to these advantages, whole plants can be regenerated 
from cultured embryonic scutellar tissue (see previous discussion sec­
tion; Green and Phillips, 1975). Therefore, It might be conceivable 
that type of tissue could provide a source of totipotent protoplasts 
fully capable of growth and differentiation In culture. 
While the bulk of the "callus" tissue from these cultures did yield 
viable protoplasts under enzymatic treatment (Table 8), the number 
released was poor making further use of this tissue impractical. Also, 
there was no way of determining if these protoplasts were originating 
from the organized centers or from the fully differentiated tissue 
associated with this type of scutellar growth. However, this finding 
encouraged further attempts to isolate viable protoplasts from culture 
differentiated leaves. Leaf tissue from regenerated plantlets, gave 
high protoplast yields when subjected to digestion with Macerozyme 
followed by cellulase (onozuka) RIO. Subsequent testing showed that, as 
with primary com leaves, equally good results could be obtained If the 
tissue was incubated in 1.5% Cellulysin alone for five hours. In this 
case mannltol was used as an osmotlcum to eliminate adverse effects that 
might be attributed to the use of metabollcally active sugars such as 
glucose. Once a satisfactory method for obtaining a sufficient number 
of viable protoplasts had been developed, attention could be turned to 
attempts to grow them in culture. 
Almost all media used in plant cell culture today are based on the 
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Murashlge^Skoog formulation (Murashtge and Skoog, 1962). This medium 
was originally designed for the growth of tobacco tissue, but since the 
time of Its publication it has found wide application for growth and 
differentiation of cultured tissues of many plant species (Gamborg et al. 
1976). While tissues from cereals have been grown on various modifica­
tions of this medium, single cell growth is rare in this group. This 
may be due to a lack of knowledge about the media requirements (nutri­
tional or growth regulators) necessary to bring about single cell recov­
ery. Alternately, the failure to successfully grow protoplasts from 
com cells may stem from reliance on leaf mesophyll cells as a source. 
As was discussed in the previous section, this tissue does not normally 
grow separated from the plant. 
The nutritional requirements of Isolated protoplasts have been found 
to be very similar to those of cultured cells and tissues (Vasll and 
Vasll, 1980). However, in the absence of a cell wall leakage of some 
metabolites may take place during the initial stages of culture (Taylor 
and Hall, 1976), which may necessitate various modifications of the 
nutrient medium used for protoplast culture. For example, Kao and 
Mlchayluk (1975) found that an extremely complex medium was essential 
for the culture of single protoplasts of Vicia hajastana. 
Failure to obtain division In barley mesophyll protoplasts led 
Scott et al. (1978) to the use of conditioned medium. They were able to 
obtain limited division of maize protoplasts on this type of medium, but 
these protoplasts did not form callus or regenerate whole plantlets. 
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Further encouragement comes from the success of Potrykus et al. 
(1977). This group developed an elaborate hanging drop array technique 
for determining the requirements for com protoplast culture. This per­
mits the screening of a large number of different nutritional and growth 
regulator variations. From these studies a "P2-mod" medium was developed 
which supported limited growth of protoplasts from com stem tissue. 
This lends credence to the possibility that cells from some maize tis­
sues may be capable of being grown as separate entitles. 
An attempt was made to culture com protoplasts by combining the 
techniques found to be most favorable. First protoplasts were Isolated 
from culture regenerated leaf tissue using the single Cellulysln enzyme 
method. Then these protoplasts were washed free of enzyme by a mannltol 
based osmotlcum. The protoplasts were then Immediately suspended In a 
newly devised culture medium. Formulation for this medium (Z) was 
derived by comparing Green's com medium (Green and Phillips, 1975), 
Kao's protoplast medium (Kao, 1977), and the Potrykus "P2-mod" medium 
for com protoplasts (Potrykus et al., 1977). 
One of the key features of the Potrykus et al. (1977) study was the 
careful attention paid to the adjustment of the osmotic concentration of 
the medium. The three sugars, sorbitol, mannltol and sucrose, were 
added to the Z medium at the same concentration used for the "P2-mod" 
medium. However, since more nutrient factors were used to supplement 
the newly devised medium, it was deemed necessary to vary the sugar con­
centrations to compensate for the alterations in osmotic pressure. Sur-
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prlslngly, best protoplast survival occurred when the sugar content was 
Increased by one-quarter concentration. 
The determination of viability of protoplasts is an important 
aspect of protoplast culture. By far the best test for viability is 
cell wall regeneration and subsequent cell division. Vital staining 
with fluorescein diacetate has also been used to distinguish between 
viable, and nonviable protoplasts (Larkin, 1976). 
Microscopical observations made on leaf protoplasts following two 
weeks of maintenance on Zg medium (see Appendix A) is that two of the 
three criteria had been met. A few protoplasts had regenerated cell 
walls and were stained with fluorescein diacetate. These protoplasts 
had also undergone morphological changes typical of cultured com proto­
plasts (Potrykus et al., 1976; Ivantsov and Akhmetov, 1979). 
Although no cell division occurred in any of the media conditions 
tested, the fact that these protoplasts did survive and regenerate 
cell walls was encouraging. Only further studies will determine whether 
it is feasible to use com tissues regenerated in culture as a source 
of genetically stable protoplasts. 
Growth and Differentiation of Soybean 
Tissue in Culture 
The ability to propagate diverse plant tissues in culture has only 
recently become a reality. However, practical application at the plant 
breeding level requires that the in vitro systems also be capable of 
229 
regenerating whole plants. Successful attempts to obtain embryogenesls 
and morphogenesis to whole plants from callus cultures and regenerated 
protoplasts of Medlcago satlva have extended the potential usefulness of 
plant tissue culture methodology to the legumes (Walker et al., 1979; 
Kao and Mlchayluk, 1980; dos Santos et al., 1980). 
The choice of inoculum is of paramount In^ortance in achieving 
success in organogenesis (see foregoing discussion and review by Thorpe, 
1980). Murashige (1974) discusses several factors that must be con­
sidered in this selection. These Include 1) the organ that is to serve 
as the tissue source, 2) the physiological and ontogenetic age of the 
organ from which the expiant is taken, 3) the season in which the expiant 
is obtained, 4) the size of the expiant, and 5) the overall quality of 
the plant from which expiants are to be obtained. Recent findings also 
indicate that the variety of plant used may also play a major role In 
the ability of expianted tissue to undergo morphogenesis (see previous 
section on com; Skoog and Miller, 1957; Green and Phillips, 1975). 
Expiants from many plant organs have been subjected to ^ vitro 
cultivation and have been found to vary considerably in their capacity 
to undergo organogenesis (see review, Thorpe, 1980). When culturlng a 
species for the first time it has become standard procedure to try all 
available organs as a source of expiants. Althougjh all plant cells are 
considered to be totipotent, the number of organs from Wiich shoots can 
be obtained varies considerably depending upon the species (Hussey, 
1978). The approach used in this study was to take expiants from various 
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soybean organs and subject them to a variety of standard growth condi­
tions In an attempt to find a tissue that could be grown In culture and 
still retain Its morphogenlc capacity. 
Tissue taken from various nonmerlstematlc regions (stem Internode, 
root, and eplcotyl sections) typically formed callus tissue when main­
tained In standard media with various modifications (Table 10). 
Expiants taken from certain flower parts (stamens) and from Immature 
green pods, however, not only developed callus but also Infrequently 
formed adventitious roots In culture. This Is noteworthy In light of 
the fact that Evans et al. (1977) reported that expiants of soybean leaf 
tissue were capable of forming roots when cultured under special culture 
conditions. 
Haplold plantlets can be produced In certain plants by using anthers 
containing microspores that are Individualized, uninucleate, and devoid 
of starch (Nltsch, 1972). Ivers et al. (1974) described a "shoot-like" 
organ that emerged from callus tissue derived from dissected soybean 
anthers. The ploldy levels of the roots that formed on these "shoot-like" 
organs were all diploid. Indicating that the callus developed either from 
somatic tissue or from microspores. 
When pieces of soybean stamens from young green unopened buds were 
laid out on growth medium, the anthers remained dormant while callus tis­
sue developed at the cut ends of the filaments. The physical presence of 
the anthers may have had a beneficial effect on this callus forming 
capacity (Table 11). Removal of the anthers from the filaments caused 
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a fifty percent decrease in the number growing In culture. This 
decrease in growth potential could also be attributed to the additional 
damage done to the filaments in the process of anther reiaoval. Supple­
mentation of the MS medium with coconut water encouraged callus develop­
ment. This response to coconut water could possibly be due to specific 
factors present in this fluid which stimulate cell division (Letham, 
1958). Chromosome counts of developing root tips confirmed the somatic 
origin of this tissue. 
This type of growth and callus formation by somatic cells composing 
the stamens of other legumes has been described (Saunders and Blngiham, 
1972). These authors found that the interlocular connective tissue 
formed most callus produced by the anthers of alfalfa. 
Older androecia taken from fully opened flowers respond to In vitro 
cultivation quite differently. Mature pollen grains typically germi­
nated and formed pollen tubes while the filaments remained unchanged. 
This suggests that beyond a certain age the filaments become non-respon­
sive to growth in culture. 
Expiants of developing soybean pod tissue from several Glycine 
species also formed callus and roots when grown in vitro. The develop­
ment of callus from mature fruit tissue cultures is not uncommon and has 
been described in citrus and non-citrus species (Schroeder and Spector, 
1957; Letham, 1958; Sommer et al., 1962), and rhizogenesis has been 
described in avocado cultures (Schroeder et al., 1962). 
The capacity for forming callus and adventitious roots in pod tissue 
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culture appears to vary between the species and varieties tested (Table 
12), In part this may be attributed to the type of pod formed by each 
of the plants tested. Lincoln and Harosoy pods mature faster in the 
greenhouse and tend to be tourer than the other varieties. Glycine 
clandestlna and G. soja pods are small, more delicate, and tend to be 
harder to handle than the pods of the larger G. max varieties. 
In contrast to the case with the filaments, the inclusion of coco­
nut water in the basic medium did not significantly Influence pod 
expiant growth (Table 13). Likewise the rhlzogenlc capacity of the 
explanted pod tissue was unaffected by the presence or absence of this 
supplement over the concentration range tested. 
As plant organs age a variety of biochemical and structural changes 
occur in the cells conqirising the tissue (Beever, 1976). These changes 
may be reflected by a change in the explanted tissue's response to growth 
in culture (Murashige, 1974). Tissue expiants from small pods did not 
grow as well as comparable tissue from medium sized and larger pods 
(Table 14). This difference may in part again be due to the physical 
nature of these pods. Young pods are fragile and may be more sensitive 
to external sterilization and handling processes. Pods in the inter­
mediate size range have a well defined cuticle that may provide better 
protection from chemical sterilization and manipulatory abuse. Expiants 
from these pods not only gave rise to a relatively high frequency of cal­
lus formation, but also proved to be most rhlzogenlc. On the other hand, 
while all of the expiants from pods larger than 5.0 centimeters gave rise 
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to callus tissue, none of them developed adventitious roots. It Is evi­
dent from the foregoing discussion that at least some of the pod tissue 
cells retain for some time the ability to be stimulated into cell divi­
sion. However, the rhlzogenic ability of this tissue may be lost as the 
pod matures. 
Similar pod tissue expiants taken from G^. clandestina Infrequently 
gave rise to whole plants. Caution must be taken, however, in the 
inteirpretatlon of these findings. While it is tempting to believe that 
these plantlets developed as a result of pod tissue morphogenesis, they 
may have actually developed from embryonic tissue left in the pod upon 
explantatlon. clandestina pods are small and thin, making complete 
splitting and scraping very difficult. Therefore, minute portions of 
the seed embryo could easily escape notice and develop into plantlets 
upon subsequent vitro cultivation. 
The question of genetic stability of in vitro plantlets has become 
an issue in tissue culture propagation primarily because of observations 
on callus and suspension cultures made over the past two decades. From 
the 1950's onwards there have been numerous reports of nuclear and cyto-
logical irregularities in such cultures (Sunderland, 1973; Yeoman and 
Street, 1973). With continued subculture of callus certain changes 
occur. These include 1) the loss of a phytohormone requirement for 
growth (habituation), 2) the loss of organogenetic potential, and 3) 
the spontaneous appearance of tissue with altered texture (Reinert et al., 
1977). 
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For example, in the case of soybean tissue, which has been main­
tained in culture for several years, ploldy changes have occurred (Rao, 
1977). This tissue is no longer capable of undergoing organogenesis. A 
similar correlation between changed ploldy and the loss of regenerative 
potential has been noted in several other tissues (Torrey, 1967; Murashlge 
and Nakano, 1967). According to Smith and Street (1974) subculture leads 
to cells of Impaired or nil totipotency due to some changes in nuclear 
structure. Such cells may be at a selective advantage as compared to 
normal cells and eventually they will replace the more totipotent cells. 
This loss of capacity for organogenesis is considered to be a major 
obstacle in the way of fully exploiting tissue culture for practical 
plant propagation. 
It might also be expected that these genetic changes taking place 
in callus cultures are frequently reflected in regenerated plants 
(Hussey, 1978). Plants regenerated from callus tissue may show a high 
frequency of genetic aberrations (Malnassy and Ellison, 1970), while 
other plants propagated by axillary shoot enhancement remain 
genetically stable (Hussey, 1978). It has been suggested, therefore, 
that it is best to avoid the use of established callus and use only 
primary expiants that tend to retain a capacity for morphogenesis and 
remain genetically stable (Narayanaswany, 1977). 
In an attempt to better define conditions necessary for the growth 
and morphogenesis of soybean tissue in culture, attention was first 
focused on a wild species of Glycine. Glycine clandestins plants are 
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characterized by multiple branching giving rise to many points of growth 
on the same plant. When nonmerlstematlc tissue (leaves, and stem Inter-
nodes) was explanted from mature greenhouse grown plants, only callus 
tissue with Infrequent root development grew In culture (Table 16). How­
ever, when a small portion of the stem containing the actively growing 
apical merlstern was placed on suitable medium, often green shoots com­
plete with trifoliate leaves formed. These shoots could be passed to 
auxin deficient medium where roots developed forming a completely regen­
erated plantlet. Some of the apical expiants would form multiple or 
branched shoots. Growing tips and leaf nodes excised from these shoots 
were also found to be capable of whole plant regeneration if they were 
subjected to the same culture regime. The necessity of including a 
formed growing merlstem in the expiant was further demonstrated by taking 
intemode stem cuttings a short distance behind the growing tip. These 
expiants readily formed callus tissue at the cut ends, but none underwent 
any foirm of organogenesis. In support of this, Beversdorf and Bingham 
(1977) found that hypocotyl sections from seedlings of £. clandestina 
developed calli but failed to regenerate plantlets. 
Since the conditions for controlled regeneration of cultivated soy­
bean varieties have not yet been defined. It is important to further 
develop model systems that show some degree of regeneration in vitro. 
In many species development of shoots, buds, and embryos has resulted 
from manipulation of growth factor concentration in the media (Skoog and 
Miller, 1957; Beversdorf and Bingham, 1977; Walker et al., 1979). The 
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continued growth and development of cultured apical cuttings taken from 
mature wild soybean plants prompted further studies to determine If these 
growing centers could provide Information regarding the growth factor 
requirements necessary for soybean organogenesis and regeneration. 
Many members of the Composltae, Solanaceae, Orchldaceae and Legumln-
osae respond well to apical merlstem culture. This technique which 
finds Its widest application In obtaining pathogen and virus-free plants 
may also be a means of obtaining genetically uniform plants (Gamborg et 
al., 1974b; Narayanaswamy, 1977). 
One of the greatest difficulties In trying to analyze plant regener­
ation Is developing a method of accurate assessment of the degrees of 
morphogenesis expressed by the expiant at any given time (Skoog and 
Miller, 1957). In the past some workers have used a measurement of 
fresh weight accumulation for growth analysis (Beversdorf and Blngjham, 
1977). While this method gives an account of culture growth under dif­
ferent conditions, It falls to give any information about organogenesis 
or actual plant regeneration. Since a plantlet must be viewed as a 
coordinated sum of its organs (shoots, leaves, roots, etc.) enumeration 
of formed plant parts also falls to provide Information regarding whole 
plantlet regeneration. For example, callus material may form many adven­
titious roots without forming a shoot or regenerating a whole plant. 
Another method would be to describe the growth of each expiant. 
However, a full developmental description of the growth of each expiant 
would be prohibitively lengthy and a typical growth pattern for each set 
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of conditions would be Impossible to accurately portray. 
It was with these shortcomings In mind that a new descriptive system 
was developed using arbitrary values to describe different degrees of 
plant morphogenesis ia vitro. Weighted numerical values were assigned 
to various descriptive stages of morphogenesis depending upon their 
degree of complexity. I.e., callus formation was assigned a greater value 
than simple expansion of existing structures and organized growth was 
given a higher ranking than callus formation. 
A mean regeneration value was assigned to each expiant following a 
defined growth period. The mean of these values was calculated and pre­
sented graphically. Since this Is an arbitrary system of values based 
on descriptive growth characteristics, the mean value represents an 
abstract evaluation of the degree of plant morphogenesis and not an 
absolute value representing formation of a particular structure. 
The tissues used in this study cannot be considered to be true 
merlstematic expiants. The true meristem culture is restricted to the 
terminal dome measuring less than O.lmm in hei^t. Thus, in the case of 
soybean plants, a true meristem culture specifies an expiant whose dimen­
sions are too small to be of any practical value. Such an expiant would 
be difficult to obtain and would be expected to result in very poor 
survival and slow rate of plant regeneration (Murashlge, 1974). Larger 
stem apex expiants, that include leaf primordia and a small portion of 
the stem, are easily obtained in numbers sufficient to conduct growth 
studies the chances of survival are Increased. 
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Growth factors, either cytokinin or auxin, were found to be required 
for the Initiation of growth of wild soybean apices in culture (Table 17 
and Figure lOA). The presence of either growth factor used alone caused 
expansion and in some cases callus formation without further organo­
genesis. It appears as though both growth factors must be present exo-
genously within a certain limited concentration range before complete 
plantlets develop. Increasing the concentration of 2,4-D beyond this 
limit causes predominately callus tissue at the expense of organized 
growth. Further increasing the kinetin to 2,4-D ratio does not effec­
tively reverse this trend. 
The cultivated varieties of G^. max grow in a pattern quite differ­
ent from the wild species. The main apex of the plant remains dominant 
and forms most of the structure of the developing plant. As long as the 
apical growing tip is intact the axillary buds remain dormant. As the 
plant ages, or if the growing tip of the plant is lost or damaged, the 
axillary buds often form lateral branches giving the plant a bushy 
appearance. 
As was the case with the wild soybean species, apices from fully 
mature G. max plants failed to grow in medium deficient in both auxin 
and cytokinin (Table 18). In cases where kinetin was the sole growth 
regulator leaf expansion occurred, but these expiants failed to develop 
further. Incorporation of even trace amounts of 2,4-D in the medium 
caused callus formation at the cut ends of the stem expiants. In con­
trast to the results obtained using apices from mature (pod setting) 
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wild soybean species, stem apexes from mature cultivated soybean varie­
ties failed to regenerate plantlets under any of the conditions tested. 
Kimball and Bingham (1973) found that sections of hypocotyl tissue 
taken from early seedlings and placed on medium containing from 0.5 to 
2.0 mg/1 of both 2,4-D and klnetln produced calll. However, Infrequently 
sections placed on a medium containing a reduced amount of auxin and 
either coconut water or klnetln formed adventitious buds. This along 
with previous work on embryonic growing com tissue suggested that atten­
tion should be given to tissue expiants from young developing soybean 
seedlings. 
There are other advantages to using expiants from seedlings. Since 
the seeds could be germinated in the laboratory under controlled condi­
tions, the physical environment to which the seeds were exposed could be 
kept uniform. The fact that the seeds could be germinated under aseptic 
conditions eliminated direct exposure of explanted tissues to potentially 
harmful chemical agents. 
As was the case with apices from 6. clandestine and from mature 
6. max plants, seedling apices failed to grow in media deficient in kln­
etln and 2,4-D (Figure 19). Skoog and Miller (1957) found similar 
requirements for both IAÂ and klnetln for the growth of excised tobacco 
pith tissue. Apparently the presence of these regulators in the media 
is somehow necessary for cell growth and division. 
Experiments with tobacco callus and stem cultures in vitro have 
shown that a delicate, quantitative balance between growth factors will 
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determine the type of growth and organ formation which will occur 
(Skoog and Tsui, 1951; Miller and Skoog, 1953). The morphological effect 
of added kinetin is in the Initiation and development of buds in tobacco 
cultures (Skoog and Miller, 1957). This bud development is also seen in 
soybean seedling tip expiants. The presence of kinetin in the growth 
medium, as a sole added factor, promoted shoot expansion and growth. 
This is evidenced by the relatively high regeneration values obtained 
for seedling expiants maintained in kinetin containing medium (Figure 
12). The fresh weight accumulation of expiants in kinetin containing 
(auxin free) medium attests to their continued growth and development 
(Figure 13). 
Beversdorf and Bingham (1977) found that root differentiation In 
soybean hypocotyl callus cultures was reduced by all concentrations of 
kinetin they tested. This root inhibiting action of klnetln Is also 
seen in the growth of seedling tip expiants. As the concentration of 
klnetln is Increased to 1 mg/1, rooting in the cultured expiants becomes 
less frequent (Table 19). This evidence coupled with the complete lack 
of growth response In media deficient of both growth factors suggests 
that an auxin or auxin-like substance may be present in, or produced by, 
the expiant. This internal supply of regulator possibly acts along with 
the externally supplied kinetin to promote further growth and develop­
ment of the explanted seedling apices (Saka et al., 1980). 
This theory finds further support from the classic work of Wetmore 
and Sorokln (1955) who found that the apical merlstem of plants could 
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Influence differentiation of vascular tissue In blocks of callus tissue. 
This suggested that there was a transmission of stimulus, probably chemi­
cal, from the apex Into the callus. Subsequently It was found that agar, 
containing an auxin, could be substituted for the apical merlstem 
(Wetmore and Rler, 1963). In light of this, the observed effects of 
applying various amounts of external growth factors must be viewed as 
being mediated by the omnipresent Internal growth active substances. 
Therefore, when considering the results presented here, It Is Important 
to keep In mind the role that endogenous regulators may play In determin­
ing amount and type of expiant growth (Vardjan and Nltsch, 1961; Leopold 
and Krledemann, 1975). 
Unlike apices'- from older plants ^  the seedling apices were capable 
of regenerating whole plants under the proper growth conditions. Even 
thou^ both represent actively growing centers, certain changes may occur 
in the growth factor response of these tissues as the plant ages. The 
levels of naturally occurring growth regulators may also be altered as 
the plant reaches the pod setting stage. This in turn would be expected 
to cause changes In the response to externally applied growth regulators. 
The observed difference in response could also be a result of the differ­
ences in the environmental conditions under which the plants were grown. 
Beversdorf and Bingham (1977) found that maximum root production 
occurred in cultures of soybean hypocotyl sections grown in the presence 
of low levels of 2,4-D. Increasing the concentration of 2,4-D reduced 
root formation. This observation was confirmed by the data presented 
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here using seedling tip expiants. Low levels of 2,4-D (below 0.25 mg/1) 
Initiated adventitious rooting (even In the absence of klnetln), while 
higher concentrations Inhibit rooting and plantlet formation In favor of 
disorganized callus growth (Table 19). 
Callus formation Is thought to be a natural wound response In which 
cell division Is triggered by the release of endogenous growth factors, 
particularly auxin (Snow, 1935). In culture, the addition of exogenous 
auxin to the nutrient medium may sustain this reaction on the surface of 
organ expiants. The fact that Increasing concentrations of exogenous 
auxin first inhibits shoot formation and then root formation has been 
observed in many plant systems (Skoog and Miller, 1957; Hussey, 1978). 
Apparently the same type of response occurs in soybean tip expiants. 
Inclusion of 2,4-D in the medium at concentrations above 0.25 mg/1 
encouraged rapidly growing callus at the cut ends of the expiants. 
Under these conditions shoot development was markedly repressed and 
increasing the concentration of klnetln failed to reverse this trend 
(Figure 12). Expiants grown in the presence of relatively high concen­
trations of auxin, also gained the most weight over the Incubation period 
(Figure 13). This suggests that the conditions for maximum expiant 
growth do not necessarily coincide with the conditions found to be most 
conducive to shoot growth or plantlet development. This was also 
observed by Beversdorf and Bingham in 1977 who found that the fresh 
weight accumulation was greater for hypocotyl sections grown in medium 
containing elevated levels of 2,4-D. Low levels encouraged root forma-
243 
tlon, while higher levels strongly interfered with root formation. 
In complete agreement with earlier studies Involving tobacco stem 
expiants (Skoog and Miller, 1957), the evidence presented here points to 
quantitative interactions of the growth factors in the regulation of 
expiant growth. The best plantlet development (shoots with adventitious 
roots) occurred when relatively low concentrations of kinetin and 2,4-D 
were both present in the medium. This may also be the case with shoot-
tip cultures of other legumes, although no systematic growth regulator 
study has been carried out to date (Cheyne and Dale, 1980). The low 
concentrations of growth factors needed to Initiate organized growth and 
plantlet regeneration is Interesting, but not totally unexpected. The 
lower levels of externally applied growth factors probably more closely 
approach the physiological condition of the plant, while greater amounts 
may completely swamp any natural growth response. 
In each case where plantlets were transplanted to soil (a total of 
about 25 plants) no morphological abnormalities were observed. The fact 
that the regenerated plantlets could be potted and grown to mature plants 
indicates that no major physiological or genetic alterations had occurred 
as a result of this type of in vitro regeneration. 
Based on these observations certain points can be made: 1) Little 
or no growth occurred in the absence of exogenous growth regulators. 
2) The presence of low concentrations of kinetin stimulated shoot develop­
ment, and higher concentrations inhibited root formation. 3) Low concen­
trations of 2,4-D were necessary for root Initiation but higher concen-
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tratlons promoted callus growth while Inhibiting shoot and root forma­
tion. 4) Once the concentration of 2,4-D reached the callus Inducing 
level. Increased klnetln concentration did nothing to this trend. 
5) The best conditions for auxin and cytokinin initiate multiple bud 
shoots. 
Much confusion exists in the investigation of ^ vitro plant morpho­
genesis primarily because the substances which induce morphogenesis are 
also required for the continued growth of cells and tissues (Halperin, 
1969). The growth effects of these regulators often can not be separa­
ted from their inductive effects on organogenesis. 
In a study on the organogenesis of Medicago callus Walker et al. 
(1979) were able to Induce shoots by first preconditioning tissue in a 
medium containing relatively high concentrations of auxin and low concen­
trations of klnetln. Roots were induced on tissue preconditioned on a 
medium high in klnetln and low in auxin. It is significant that differ­
entiation did not occur on the Induction medium, but only upon the trans­
fer of the tissue to growth regulator free "regeneration medium." On 
the surface this appears to be in direct conflict with the conventional 
system described above, but on closer examination it too may be in line 
with the observations presented here. 
First consider an induction medium with high auxin and low klnetln. 
The low klnetln, in accordance with the results described above, would 
be expected to initiate shoot formation. The high auxin would hold 
further organized development in check and favor callus growth. A medium 
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containing high kinetin and low auxin would have an opposite effect. The 
low auxin would initiate root formation which in turn would be held in 
check by the high kinetin presence. Upon passage of the tissue to growth 
regulator free medium there could conceivably be enough growth factor 
carry over to permit tissue growth. The amount of carry over would be 
expected to be quite low. Once the high concentration of auxin and cyto-
kinin is reduced the differentiated roots and shoots are no longer 
repressed and proceed with normal development. 
Isolation and Cultivation of Soybean 
Protoplasts 
Leaf tissue has long been a popular source of protoplasts. This is 
primarily due to the ease with which genetically stable and uniform 
protoplasts can be separated from the intact cells and debrus. Moreover, 
direct isolation from plant tissue offers a greater likelihood for a 
higher yield of totipotent protoplasts than do cultured cells where 
chromosome loss and aberrations are known to occur (Sunderland, 1973; 
Kao, 1977). 
Isolation and cultivation of protoplasts derived from plant material 
requires surface sterilization prior to enzymatic treatment. Most proce­
dures Involve successive immersions of leaves in ethanol and hypochlorite 
solutions followed by extensive rinsing in water. Too short an expo­
sure to these procedures results in incomplete sterilization. Too long 
an exposure results in damage or even death of the cells within the 
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tissue. Microorganisms associated with greenhouse grown soybean plants 
proved to be particularly resistant to the hypochlorlte/ethanol treat­
ment (Table 20). Alternately, sterilization by using a zepharin-alcohol 
mixture (Scott et al., 1978) was found to be too harsh for soybean leaf 
tissue. While not Ideal, a relatively effective method of surface dis­
infection of soybean leaf material was developed by compromising between 
exposure time and degree of sterilization. 
This observation is supported by a report by Davey et al. (1974) who 
found that a gram + motile Bacillus was present in the Intercellular air 
spaces of cowpea leaves. Fotrykus (1973) also reported a close relation­
ship between bacteria and petunia leaves. This has led many workers to 
use antibiotics in their protoplast isolation studies. However, 
the results of Watts and King (1973) clearly show that protoplasts are 
much more sensitive to antibiotics than are animal cells. Precisely 
what effects the use of these agents may have on plant cells are not 
known, but it seems possible that adverse effects may result. 
The release of protoplasts from thin walled parenchyma cells of 
many plants can be achieved with the application of commercially avail­
able pectinases and cellulases (Vasll and Vasll, 1980). These enzymes 
are, in fact, complex mixtures of hydrolytic enzymes (see Appendix B). 
This mixed hydrolytic nature possibly accounts for their potency as cell 
wall degrading agents. It might be expected that the molecular composi­
tion of the cell wall differs to some extent from plant to plant and from 
tissue to tissue. Such differences in turn would dictate the types of 
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enzymes required to liberate protoplasts. For Instance, protoplasts are 
readily released from tomato locule tissue by using a crude pectlnase 
(Gregory and Cocking, 1965), whereas cultured tobacco cells require both 
pectlnase and cellulase for maximum yield (Uchlmlya and Murashlge, 1974). 
This Is also seen In work with cultured cells where an enzyme preparation 
high In hemlcellulase greatly aids In protoplast release (Fowke et al., 
1974). 
Several approaches have been used In the preparation of leaf meso-
phyll protoplasts. In the sequential Isolation method, the tissue Is 
first exposed to a macerating enzyme (usually a pectlnase) under plasmo-
lyzlng conditions. The action of this enzyme Is to separate the cells 
from the tissue. This treatment Is followed by digestion of the cell 
wall by cellulase (Takebe et al., 1968). Alternately, the tissue can be 
incubated In a mixture of cellulase and macerozyme resulting In the lib­
eration of protoplasts without first obtaining free cells (mixed enzyme 
method) (Power and Cocking, 1970). 
The walls of soybean leaf cells are very resistant to degradation 
by most, if not all, of the fungal enzymes that are available commer­
cially. Enzymes were applied in either a sequential manner (Table 21) 
or In a mixed formulation (Table 22). Poor cell separation resulted 
when purified pectlnase (Sigma) was used alone. Macerase used alone gave 
some cell separation, but the best results were obtained using a combina­
tion of pectlnase and crude cellulases. 
When plants are grown under greenhouse conditions with marked varia-
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tlon In light intensity it is often necessary to protect the cells with 
a solution containing membrane stabilizing ions such as calcium (Gamborg 
and Wetter, 1975; von Arnold and Eriksson, 1976; Eriksson, 1976). The 
addition of calcium chloride to the enzymatic incubation medium did not 
promote the release of protoplasts in the case of soybean leaf tissue. 
Pelcher et al. (1974) also found that calcium ions added to the isolation 
medium was not necessary for the production of viable protoplasts, but 
the addition of this ion did have a stabilizing effect on cultured bean 
mesophyll protoplasts. 
Other workers have found that the components of the cell walls of 
certain marine algae are held together by ionic interactions often 
4+ involving Ca (Flesch, 1977). Exposure of Hymenomonas cell walls to 
between 10 mM and 100 mM EDTÂ for 48 hours caused a release of protein 
and carbohydrate (Safa, 1980). Working with higher plants Cassells and 
Earless (1976) found an increase in calcium pectate in summer "hard" 
plants. These authors were able to get high protoplast yields from 
hardened tomato plants by adding sodium citrate to a mixture of cell 
wall degrading enzymes. These authors found that a one-step method 
Involving the addition of sodium citrate to pectlnase plus cellulase gave 
high yields of protoplasts. Neither the inclusion of sodium citrate nor 
the Incorporation of EDTÂ in the enzyme mixtures had any effect on the 
digestion of soybean leaf cell walls (Tables 21 and 22). 
Takebe et al. (1968) reported that low molecular weigjht potassium 
dextran sulfate was helpful during maceration in order to produce cells 
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which were active in virus multiplication. Over the past years, some­
what of a controversy has developed over the beneficial nature and mode 
of action of this compound. For instance, Jensen et al. (1971) found 
that potassium dextran sulfate could be partially replaced by potassium 
sulfate, sodium sulfate, and potassium chloride. The addition Of 0.3% 
potassium dextran sulfate to the enzymes applied to soybean leaf material 
had no beneficial effect for releasing protoplasts (Tables 21 and 22). 
Still another method has been employed for recovering protoplasts 
from leaf tissue. An abundance of intact cells can be released from the 
leaf tissue of some plants, including soybean, by mechanically grinding 
(Rossini, 1969). These cells can then be converted to protoplasts by 
enzymatic treatment (MacKenzie et al., 1973). This method offers the 
advantage of assuring exposure of the whole cell surface area to the 
enzyme. Also, problems encountered in getting sufficient enzyme to pene­
trate the tissue layers are eliminated. Attempts to enzymatically 
release protoplasts from mechanically isolated soybean leaf cells were 
also unsuccessful (Table 23). This further supports evidence cited earl­
ier that the cell walls of these mesophy11 cells are resistant to a 
number of fungal enzymes. 
The susceptibility of cell wall components to enzymatic hydrolysis 
is determined largely by the accessibility of the exogenous enzymes sup­
plied in the incubation media to the cell wall itself. Direct physical 
contact between the enzymes and the substrate is an essential prerequi­
site to hydrolysis. Since the cell wall is a structurally complex sub-
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strate, this contact can be achieved only by diffusion of the enzyme 
into the matrix of the cell wall. Therefore, any structural or molecular 
feature that limits the accessibility of the substrate to the enzymes 
will diminish the susceptibility of the cell wall component to enzymatic 
1 • 
degradation. 
One possible means of getting around this problem would be to chemi­
cally extract various components of the cell wall prior to enzymatic 
treatment. The chemical extractions done in this study are by no means 
exhaustive. The approach used was to chemically extract separated soy­
bean mesophyll cells in an attempt to render them more susceptible to 
enzymatic degradation. 
The cell walls of many plant tissues Incorporate various fats, 
waxes and other organic conqpounds as a part of their molecular structure 
(Lamport, 1970). Among the lipophilic substances secreted by plant cells 
are terpenes, fats, flavonoid aglycones and complex waxes (Fahn, 1979). 
Leaf tissues often secrete oils, waxes and other substances that aid in 
protection against excessive water loss and grazing herbivores. Even 
though these secretions are usually confined to special regions on the 
epidermal layers of the leaf, it is conceivable that some mesophyll cells 
might also contain small amounts of these substances. The presence of 
these complex substances might Interfere with enzymatic action. Exten­
sive extraction of mechanically separated cells with nonpolar solvents, 
which removed all cell pigments, failed to improve enzymatic degradation 
of the soybean cell wall. 
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Another approach was to solublllze some of the components of the 
cell wall using a chaotrophlc agent LlCl. This agent Interrupts hydro­
phobic Interactions and hydrogen bonding (Hills et al., 1975). For 
Instance, high concentrations of LlCl (10 M) have been used to solublllze 
glycoprotein molecules of the cell walls of Chlamydomonas (Hills, 1973; 
Hill et al., 1975) and other diverse plant systems (see review by Hatefl 
and Hansteln, 1974). Safa (1980) found that a high concentration of 
LlCl dissociated cell walls of the marine alga Hymenomonas Into a soluble 
and Insoluble fraction. Overnight extraction of solvent treated soybean 
mesophyll cells In 10 M LlCl did not Improve subsequent enzymatic diges­
tion. 
The nonlonlc detergent Triton X-100 was also used to extract soybean 
leaf cell walls. This agent has been employed to solublllze membrane 
lipoproteins (Maklno et al., 1973) and for separation of photosystems I 
and II (Vernon and Shaw, 1969). While there have been many other 
examples of the solubilization of cellular components by this agent, Safa 
(1980) found no evidence of degradation of treated alga cell walls. Sol­
vent extracted soybean mesophyll cells treated first with LlCl and then 
with Triton X-100 were also found to be resistant to different mixtures 
of cell wall digesting enzymes. 
Llgnln is a complex polymer of phenylpropanold (Cg-C^) units that 
encrust and penetrate the cell walls of tracheld vessels, fibers and 
sclerelds of vascular plants (Eskln, 1979). Llgnlfled tissue Is particu­
larly effective In resisting fungal attacks and appears to play an active 
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role in preventing fungal penetration of the plant cell wall (Side, 1975; 
Vance and Sherwood, 1976). Various amounts of llgnln have been found in 
soybean hulls (Nelson et al., 1950; Whistler and Saamlo, 1957; Sanella 
and Whistler, 1962) and much of the knowledge we have concerning the syn­
thesis and polymerization of this compound has come from soybean cell 
cultures (Knobloch and Hahlbrock, 1975; Poulton et al., 1976a; Poulton, 
1976b; Grisebach, 1977). 
In a final attempt to render soybean mesophy11 cells vulnerable to 
wall degrading enzymes, cells extracted by the above described procedure 
were treated with acidified sodium chlorite (chlorlte-HOAC) using the 
method described by Jernyn and Isherwood (1956). Chlorlte-HOAC has been 
successfully employed by Selvendran et al. (1976) to delignlfy wall 
material from Riaseolus plants. Even though the residue of the soybean 
cells, following extended chlorlte-HOAC treatment, was bleached stark 
white the cell walls again remained Intact following enzymatic digestion. 
The reasons for the failure of enzymatic degradation experiments using 
soybean leaf cells remains unknown. In some plants, such as potato and 
tomato, wounding of the leaves by insects induces a rapid accumulation 
of protease inhibitors (Green and Ryan, 1972). A similar system that 
inhibits proteases and cellulases may be active in soybean leaf cells. 
It is known that soybean processing for human or animal consumption must 
include a high temperature treatment which inactivates the antldigestive 
factors. 
The results of the experiments presented here argue against the 
253 
likelihood of such an inhibitor as being the sole reason for resistance 
of soybean cell walls to fungal enzyme digestion. The chemical agents 
used to extract the cells would most likely render such an inhibitor 
ineffective and allow digestion to proceed. In addition, pretreatment 
with trypsin and pepsin failed to render the cell walls susceptible to 
cellulases. 
The most effective way to isolate living protoplasts from plant 
tissue is unequivocally by enzymatic means. The readily available com­
mercial enzymes that are in use today have proven to be ineffective In 
this endeavor. Therefore, an alternate means of obtaining soybean proto­
plasts from primary tissue was sought. 
Observation of leaf detritus in the greenhouse revealed that such 
debris did Indeed deteriorate over a period of time. Since under these 
circumstances weather conditions are nonexistent It would seem likely 
that this decay was caused by saprophytic microorganisms associated with 
the dead leaf material. This suggested that there is a possibility that 
enzymes produced by saprophytic microorganisms may be capable of break­
ing down complex cell wall components. 
Mixed cultures of these organisms were established using extracted 
leaf cells (cell wall material) for substrate. The cultures were further 
refined by employing Peberdy's method (Peberdy, 1979) of culture enrich­
ment. This method selects for microorganisms capable of growth on the 
metabolites from the digestion of a complex substrate (in this case, 
extracted soybean cells). Only those organisms capable of wall digestion 
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form colonies which can be Isolated and maintained as batch cultures. 
Cellulase supplemented concentrations of the media from the batch cul­
tures, after the microorganisms had been removed, had some positive 
effect on degrading cell walls from mechanically isolated mesophyll cells. 
However, in all cases, the protoplasts, if released, were dead. Further 
refining of these saprophytic culture extracts by ammonium sulfate pre­
cipitation and elution through Sephadex or Biogel (Gamborg and Wetter, 
1975) may Improve the efficiency of this system. 
Unsuccessful attempts to enzymatically isolate viable protoplasts 
from leaf tissue led to a search for a soybean tissue more amenable to 
protoplast production. The approach used was to subject various soybean 
tissues to enzymatic treatment in an attempt to find a tissue that would 
yield sufficient viable protoplasts for further regeneration and growth 
studies. Particular attention was paid to those tissues that were found 
to be capable of growth and some degree of organogenesis in culture. 
Protoplasts have been isolated from almost every plant tissue of a 
great variety of plant species (see review. Vas11 and Vasll, 1980). 
Unfortunately, the yields of protoplasts from highly specialized sources, 
other than leaf mesophyll, are usually low and consequently they present 
special problems in handling and culture (Evans and Cocking, 1977). This 
Is the case with protoplasts enzymatically isolated from soybean stamen 
filaments. The tedious microdissection necessary to isolate a small 
amount of primary tissue coupled with the low yield of protoplasts 
renders this source impractical. 
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Previous investigations presented here show that whole plantlets 
could be regenerated from soybean seedling apices under the right culture 
conditions. Since shoot apices have been used as a source of protoplasts 
(Gamborg et al., 1975), it seemed that this type of tissue might provide 
a source of regenerating soybean protoplasts. Indeed, the data presented 
in Table 25 indicate that viable protoplasts could be obtained from stem 
and apices by enzymatic means, but again the yield was not sufficient for 
isolation and further growth studies. 
By contrast, the results of the application of a number of commer­
cially available macerating and cellulase enzymes to green pod tissue 
yielded protoplasts (Table 26). Immature pod tissue from a number of 
5 • • • 
soybean varieties and species yielded >10 viable protoplasts per gram 
of tissue (Table 27). 
In the past protoplasts have been isolated from the fruit of a num­
ber of plants. Historically, the first report of protoplast release was 
from tomato locular tissue using a crude cellulase obtained from the 
fungus Myrotheclum verrucaria (Cocking, 1960). Since that time proto­
plasts have also been Isolated from avocado (Schroeder et al., 1962) and 
peanut pericarp tissue (Rangaswamy et al., 1965). 
Immature pod tissue from a number of soybean varieties and species 
5 • 
yielded in excess of 10 viable protoplasts per gram of tissue (Table 
27). Since the viability of the protoplasts from strain T219 approached 
95% it was chosen for further isolation and cultivation experiments. 
In order to develop this pod protoplast system to Its fullest poten­
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tial. It was necessary to consider some of the parameters that effect 
isolation and recovery. The factors examined in this investigation were 
as follows: (a) the effect of phenotypic differences within variety 
T219, (b) enzyme incubation methods sequential and mixed, (c) duration 
of the incubation period, (d) agitation during incubation, (e) enzyme 
concentration, (f) effect of pH on enzyme digestion, (g) pretreatment of 
the pod tissue, and (h) the age and size of the pod. 
A closer look at the different phenotypes (normal green (NG) and 
light green (L6)) of strain T219 revealed that approximately the same 
number of protoplasts were released from each by the different enzyme 
systems (Table 28). Therefore, it did not seem necessary to favor one 
phenotype over the other when considering protoplast isolation. 
The combined action of enzymes (Macerozyme and cellulase) was found 
to be most effective in releasing viable protoplasts from young pod tis­
sue. Macerozyme used alone released neither intact cells nor proto­
plasts. Cellulase used alone did release low yields of viable proto­
plasts, however it was not as effective as when it was combined with 
Macerozyme. The fact that less death occurred when cellulase was used 
alone may Indicate that the Macerozyme has a somewhat toxic effect on 
the released protoplasts. 
As discussed in a previous section, two methods of enzymatic treat­
ment (sequential and mixed) have been developed. Both methods effectively 
released protoplasts from soybean pod tissue (Table 29). However, since 
the evidence indicates that prolonged exposure to Macerozyme resulted In 
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protoplast death, the sequential method was chosen for further studies. 
By the sequential method, the pod tissue was first Incubated In a macero-
zyme solution for two hours. After this Initial treatment the tissue 
was rinsed and placed In a cellulase solution for the remainder of the 
Incubation period. 
The minimum cellulase incubation period for suitable protoplast 
release was found to be approximately three hours (Figure 16). With 
prolonged periods of Incubation, seven hours or more, the number of 
viable pod-derived protoplasts began to drop Indicating that the cells 
gradually become increasingly unstable. A similar time course for proto­
plast release has been noted for other plants where Macerozyme and cellu­
lase have been used in combination (Uchlmlya and Murashige, 1974; Chin 
and Scott, 1979). 
The release of protoplasts from pod tissues Incubated in static, 
non-moving, enzyme was poor. Moderate agitation (50-60 cycles/mln.) 
was necessary for optimal release. Harsher shaking of the incubation 
mixture led to a reduction in the number of protoplasts present at any 
one time. This loss was probably due to extensive breakage of the proto­
plasts caused by the mechanical motion. Uchlmlya and Murashige (1974) 
also found 50 cycles/min to be ideal for the Isolation of protoplasts 
from tobacco cells. If the reaction mixture was allowed to remain 
stationary the protoplast yield was greatly reduced. 
The concentration of enzyme also plays an Important role in proto­
plast release. In general, a low enzyme concentration Increases treat-
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ment time (Eriksson, 1976; Hughes et al., 1978). This increased exposure 
of the cells to the osmoticum and toxic substances present in the enzyme 
reaction mixture. Some cells can tolerate prolonged treatment periods, 
but the foregoing evidence indicates that this may not be the case with 
soybean pod cells. Therefore, it was necessary to determine a cellulase 
concentration that would release sufficient numbers of protoplasts within 
a resonable time period. The Cellulase concentration was tested over 
a range of 0 to 5.0% following a Macerozyme treatment of two hours (Fig-
6 
ure 17). All concentrations tested released at least 3x10 protoplasts 
per gram of pod tissue after A hours of incubation. This finding agrees 
well with the results of other workers who used similar enzyme mixtures 
on tobacco leaves (Uchimlya and Murashlge, 1974) and various cereal 
leaves (Chin and Scott, 1979). 
An optimal concentration of Cellulase found to be 5%. At 
this concentration, the protoplast yield on a per gram basis was double 
that of the 1% concentration level. 
The pH of the enzymatic incubation medium has been shown to have an 
influence on protoplast yield and viability (Pelcher et al., 1974; Chin 
and Scott, 1979). Figure 18 shows that soybean pod protoplasts were 
released into the cellulase incubation solution over a wide range of pH, 
and between 60 and 80% of these protoplasts were viable over the entire 
range tested. Again this data compares favorably with that of Chin and 
Scott (1979) who used cellulase for release of protoplasts from various 
cereals. 
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Green soybean pods were prelncubated in growth medium in an attempt 
to improve culturability of the protoplasts. However, it was found that 
preincubation of tissue in MS medium alone resulted in a reduced proto­
plast yield from that obtained using freshly harvested material (Table 
30). 
When a leaf is detached from a plant its protein content undergoes 
a prompt and rapid decline (Beever, 1976). This markedly reduces the 
life span of the leaf tissue (Richmond and Lang, 1957). 
Dibasic amino acids, including L-lysine and L-arginine, along with 
other compounds (e.g., kinetin) have been shown to inhibit catabolic 
processes that are associated with senescence of excised cereal leaves 
(Sawhney et al., 1977). 
in pod protoplasts, the Improvement in yield as a result of argi-
nine presence in the preconditioning medium was noticeable but not 
dramatic. Yields of viable protoplasts were higher when isolated from 
fresh tissue without previous incubation. Since pod protoplasts could 
be enzymatically isolated from fresh tissue in 4 hours with high yields, 
preincubation was not pursued. 
As the various tissues composing a plant age, marked changes occur 
in the molecular structure of the cell walls (Carlson, 1973). These 
changes also occur in the cell walls of fruits (Jermyn and Isherwood, 
1956). In order to optimize conditions for enzymatic protoplast release, 
it is necessary to consider the tissue age (Table 31). The fact that 
good yields of protoplasts were obtained from various sizes of pods indi­
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cates that tissue age does not greatly affect enzymatic digestion of 
pod cell walls. 
Once sufficient numbers of viable protoplasts could be obtained 
from Immature pod tissues, Isolation and cultivation attempts could pro­
ceed. Since the methods for protoplast Isolation were quite standard 
and described In the Results and Material and Methods section, as well as 
In various other works (Power and Cocking, 1970; Gamborg and Wetter, 
1975; Zleg and Outka, 1980), a detailed discussion here Is unnecessary. 
It Is interesting to note, however, that protoplasts isolated from pod 
tissue vary considerably in size (Figure 19). Bhojwani et al. (1977) 
also noted considerable size variation in the diameter of protoplasts 
Isolated from cotton callus tissue. This is not surprising since callus 
tissue cultures are usually composed of small richly cytoplasmic merl-
stematic cells, as well as highly vacuolated larger cells (Liau and Boll, 
1970; Yeoman and Street, 1973). The fact that soybean pod protoplasts 
vary so greatly in size may account for the difficulty in isolating 
debrus free cells by density gradient centrlfugation. Floatation of the 
pod protoplasts on a dense pad of sucrose proved to be the most effective 
method of isolation. An alternate technique was attempted without suc­
cess. Rowland et al. (1975) describe a method that relies on the col­
lecting of the protoplasts on a sieve and freeing them of enzyme solution 
by repeated rinsings with a wash solution. Even though various types and 
grades of filter papers were tried, this method was found to be unsatis­
factory for isolating and washing pod protoplasts. Relatively great 
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losses occurred primarily due to the sticking of the protoplasts to the 
filter paper matrix. 
The primary intention was to promote cell wall synthesis, regenera­
tion and subsequent cell division using soybean pod protoplasts. This 
in turn would return the isolated protoplasts to the condition of cult­
ured cells. The next step would be to use the inherent growth and 
developmental potential of these cultured cells to regenerate plant 
structures or Ideally whole plants. However, it has been found that the 
problems encountered in protoplast culture differ in a number of impor­
tant aspects from those found in the culture of Intact cells (Evans and 
Cocking, 1977). 
The composition of the nutrient media is of paramount Importance. 
Naked protoplasts are extremely fragile and thus sensitive to the arti­
ficial culture milieu. The rigid wall must be replaced by an osmotic 
pressure in the enzyme and isolation mixture. Osmotic conditions of the 
culture medium must also be adjusted to minimize plasmolysls damage or 
rupture. Evans and Cocking (1977) emphasize that the osmotic potential 
of the nutrient medium should be as low as is compatible with the osmotic 
stability of the protoplasts. 
Â further Important consideration in the culture of isolated proto­
plasts also relates to their fragile nature. The plasma membrane is a 
delicate structure and great care must be taken in the handling and cul-
turlng of protoplasts to minimize rupture. Protoplast cultures cannot 
be maintained in shaking flasks in the manner of cell suspension cultures 
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(Evans and Cocking, 1977). Therefore, until the protoplasts have regen­
erated a suitable protective cell wall, they must be kept stationary In 
liquid culture medium. Small volumes of suspension placed In the round 
bottom of culture tubes may provide certain advantages. When the tubes 
are placed upright, the slopping sides of the bottom tend to concentrate 
the protoplasts In a central area. This greatly Increases the local 
population density and may overcome some of the low density effects 
which could greatly effect subsequent recovery and growth. 
After the cells regenerated cell walls, (about 3 days, see Figure 
20) the tubes were placed at a steep angle on a slowly moving roller 
drum. The rotary motion was regulated to provide maximum aeration of 
the medium, while minimizing physical abuse of the newly regenerated 
cells. 
There Is also evidence that after protoplast Isolation the plasma 
membrane Is leaky, resulting In metabolites and other factors being lost 
from the cytoplasm Into the external environment (Taylor and Hall, 1976). 
It Is likely that some of the factors that are lost are essential for 
protoplast survival. Therefore, It Is often necessary to supplement 
protoplast culture medium with various added metabolites (Kao and 
Mlchayluk, 1975). 
The medium of choice for growing pod protoplasts was that devised 
by Kao In 1977 for growing single protplast Isolates resulting from 
somatic hybrids of soybean and tobacco. This medium is complex and con­
tains, In addition to the necessary mineral salts, ten sugars, four 
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organic acids, fourteen vitamins, vltamln-free casamino acid, and coco­
nut water. 
The approach used In this study was to visually observe the progress 
of soybean pod protoplast recovery and growth (Figure 20)• Viability 
was assessed by fluorescein dlacetate staining. Intact viable cells 
fluoresce as fluorescein accumulates Inside the membrane (Larkln, 1976). 
The progress of recovery and growth were followed by staining the proto­
plasts with Calcofluor White M2R (Hugjhes and McCully, 1975) and by obsezv-
Ing division of the protoplasts. Protoplasts In culture have been 
observed to start cell wall regeneration Immediately following Isolation 
(Fojnar et al., 1967; Horlne and RuesInk, 1972). This Is probably also 
true for soybean pod protoplasts. Up to 30% of the protoplasts regained 
Calcofluor staining material after 24 hours of recovery. By this time 
the cell wall would have to be approximately 0.2 ym thick to be vlsable 
with the light microscope. 
The fact that protoplasts must regenerate cell walls prior to the 
commencement of cell division has been well established (Evans and Cock­
ing, 1977; Schilde-Rentschler, 1977; Vasll and Vasll, 1980). Kao et al. 
(1970) observed over 10% division in protoplast cultures, derived from 
soybean suspension cultures, 3-4 days after isolation and approximately 
24 hours after cell wall formation. This same pattern was followed by 
green pod protoplasts which fully recovered and started to divide after 
four days in culture (Figure 20). 
The bleblng observed in pod protoplasts shortly after isolation has 
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been described for cell suspension cultures (Steward et al., 1958), as 
well as other protoplast systems (Pojnar et al., 1967; Herth and Meyer, 
1978). Horlne and Rueslnk (1970) used "budding" as an indication of new 
cell formation in Convolvulus protoplasts. "Budding" has also been 
observed to occur in freshly isolated soybean suspension culture proto­
plasts which were exposed to a slightly hypotonic culture condition 
(Kao et al., 1970). It is very doubtful that this blebing process, seen 
in pod protoplasts, is a true budding phenomenon. While in some cases 
the protuberances become quite pronounced, no separation of these struc­
tures has been observed. Often the cytoplasm Inside the bulge remains 
devoid of a nucleus and in some instances the entire structure may be 
occupied by an extension of the vacuole. This process may be brought 
about by the presence of growth regulators in the culture medium which 
cause the protoplast to expand prior to completion of the cell wall 
(Cocking, University of Nottingham, England, personal comnunication). 
The internal expansion of the cytoplasm or vacuole could force bulges 
in areas where the cell wall lacks rigidity. 
Continued division of the newly regenerated plant cells led to the 
formation of multi-celled clumps (procalli). These procalli could 
be maintained as either suspension or callus cultures. Callus cultures 
Initiated from this material, incubated on medium designed to promote 
rooting, infrequently developed adventitious roots. This observation 
demonstrates the fact that the rhizogenic capacity of the pod tissue was 
not altered by cell separation, protoplast formation or the subsequent 
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regeneration. 
Most of the published data on single passage plant suspension cul­
tures could be covered by saying that a 10 to 30 fold Increase In fresh 
weight after a four week Incubation Is typical (see review, Street and 
Henshaw, 1963). Such values correspond to a maximum of three to five 
successive divisions of the Initial population over the Incubation 
period. A growth value (ratio of final weight to initial weight) of 28, 
for soybean suspension cultures derived from pod protoplasts, is the 
upper end of the growth stage as described by Street and Henshaw (1963). 
The difference between the fresh and dry weight curves (Figure 
can be explained by changes in cellular morphology as the culture ages 
(Deng-Fong and Boll, 1970). Younger actively growing cultures tend to 
have small, spherical cells with a dense cytoplasm. As the culture ages, 
highly vacuolated "giant" cells become more prevalent (see review Yeoman 
and Street, 1973). Since these giant cells have more volume they hold 
more water and weigh more causing the fresh weight curve to rise sharper 
in comparison to the dry weight curve after expansion begins. In soybean 
pod cell suspension cultures, this occurs after approximately 5 days of 
growth. 
Actively growing cultures were readily established from protoplasts 
derived from the pods of T219, Richland, Linman, and Beeson varieties. 
Protoplasts from the other varieties tested failed to grow even though 
the same number of protoplasts were used for the initial inoculation. 
This is not surprising in light of the fact that these protoplasts 
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from these strains were viable upon release (Table 27). However, vari­
ety T219 Is a mutant strain derived from a hybrid cross of the Richland 
and Llnman varieties (Weber and Weiss, 1959). This observation suggests 
that variety differences may also have an effect on protoplast release 
and subsequent survival and that this trait may be passed genetically. 
Protoplasts from the pods of many more soybean varieties will have to be 
challenged before this theory Is proven. 
Isolation and Cultivation of Intact 
Leaf Mesophyll Cells 
Wylle (1930) first demonstrated that both palisade and spongy meso­
phyll cells were capable of dividing In the mature state. In this case 
the cells were thought to divide as a result of Injuries through the 
entire leaf blade. I.e., a wound response. Nevertheless, In his hand­
book dealing with the cultivation of animal and plant cells. White 
(1943; 1963) suggests that there Is strong reason for starting plant tis­
sue cultures from expiants of merlstematlc or at least Immature tissues. 
White (1943) also observed that except for the uncorroborated report of 
Schmucker (1930) of divisions In Isolated mesophyll cells, all "mature" 
plant tissues have failed to yield successful In vitro cultures. 
These earlier reports of mature leaf tissue growth In culture were 
confirmed much later by Maheshwarl et al. (1965) who reported the pro­
liferation of Isolated palisade cells from tobacco leaves, and Relnert 
and Kuster (1966) achieved a callus culture from the division of presumed 
mesophyll leaf cells of Crepls caplllarls. 
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Because of the specialization In plastld structure and the cell 
shape of palisade tissue. It was reasonable to consider it one of the 
most specialized types of parenchyma (Joshl and Ball, 1968a). However, 
the studies on the growth of soybean leaf expiants in culture confirmed 
the findings of Evans et al. (1977) by demonstrating that soybean leaf 
tissue was capable of growth and rhizogenesis in culture. 
The recalcitrant nature of soybean leaf tissue to enzymatic proto­
plast isolation techniques prompted attempts to find a means of isolat­
ing and culturing mesophyll cells. Since leaf cells of soybean tissue 
were found to be resistant to mechanical and chemical attack further 
studies were conducted to determine if separated Intact cells (cells 
with cell walls) could be established in culture, and if so would they 
retain their rhizogenlc potential. Even thougjh these cells could not 
be used for somatic fusions, they would have considerable potential for 
morphogenlc, cell differentiation, and prolonged physiological studies. 
Once separated, the cells can be treated as individual units, and may 
prove useful for cloning and mutagenic studies (Shepard et al. 1980). 
There are basically two methods of isolating intact cells from 
leaves of plants; enzymatic and mechanical. These approaches are not 
mutually exclusive, for each method will not yield cells from all 
species (Zaitlln, 1959; Joshl and Ball, 1968b; Gnanam and Kulandaivelu, 
1969). 
The enzymatic method relies on incubating the leaf tissue in a 
macerating enzyme (usually pectinase) until the cells separate. It has 
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been proposed that the high yield of Intact cells obtained by this 
method depended on the enzyme used and the presence of a hypertonic plas-
molyzlng concentration of sugar. Pertinent to these factors, Tribe 
(1955) noted that cells of cucumber discs were resistant to the "killing 
action" of pectlnase when macerated In the plasmolyzed state. His Inter­
pretation of this observation was that the enzyme was killing the cells 
by hydrolyzlng a hypothetical pectlc substance within the cell. Strong 
plasmolysls prevented pectlnase penetration and access to this vital sub­
stance. Takebe et al. (1968) found that deztran sulfate had a protec­
tive effect when used with Macerozyme to Isolate tobacco mesophyll cells. 
The exact nature of this protection Is unknown, but the authors speculate 
that the dextran sulfate may protect the tobacco cells from some pro-
teln(s) lAlch may be toxic at the concentration used. There is little 
doubt that toxic substances and impurities are present in these commer­
cial enzyme preparations. These Include salts (primarily ammonium sulf­
ate used in enzyme preparation), nucleases (especially rlbonuclease), 
lipase, peroxidases, proteolytic, and various other enzymes and phenollcs. 
Partial purification of the commercial enzymes by elutlon through Sepha-
dex or Biogel columns is sometimes useful, but most workers routinely use 
commercial enzymes without any purification to obtain high yields of 
viable cells or protoplasts that are capable of normal growth and develop­
ment (Vasll and Vasll, 1980). 
The data presented here show that an abundance of intact mesophyll 
cells were released by a variety of enzyme treatments. However, these 
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cells failed to survive for 24 hours In growth medium. This decline In 
survival may be In part due to enzymatic action or toxicity of Inclusions 
In the enzyme mixture. 
Other workers have placed emphasis on the role of the osmotlcum 
(Cataldo and Berlyn, 1974; Takebe et al., 1968; Otsukl and Takebe, 1969). 
In many cases the successful Isolation of leaf cells requires Incubation 
In a maceration solution hypertonic to the leaf tissue. Relative to 
this, Jensen et al. (1971) found that plasmolysls during enzymatic macer­
ation of tobacco leaves was essential to maintain Intact plasmalemmas 
and hence photosynthetlcally active cells. The high concentration of 
osmotlcum, usually a metabollcally Inert sugar. Is necessary to plasmo-
lyze the cells presumably to facilitate rapid penetration of enzyme and 
to break the plasmadesmata so that the cells will separate without Injury 
once the middle lamella of the cell wall has been weakened. 
Plasmolysls Is not a general requirement for the Isolation of Intact 
mesophyll cells of all plants. High photosynthetlc rates have been 
obtained for tobacco (Cataldo and Berl]rn, 1974) and asparagus cladophyll 
(Colman et al., 1979) cells Isolated without prior plasmolysls. Support­
ing evidence for the damaging effect of plasmolysls In some plant sys­
tems Is becoming more prevalent. By using thin slices. In which COg up­
take Is not limited by stomatal closure, Jones (1973) reported that there 
was no recovery of photosynthetlc activity when the slices were released 
from even very mild osmotic stress. Colman and Mawson (1978) also found 
that 0.6 M sorbitol, an amount usually used for tobacco cell Isolation 
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(Jensen et al., 1971; Cataldo and Berlyn, 1974), depressed the photosyn-
thetlc activity of separated cells. Deplasmolysls of the cells by reduc­
ing the concentration of sorbitol Increased the depressed photosynthetlc 
activity. Apparently the degree of deplasmolysls that can be achieved 
without serious impairment to photosynthesis Is species dependent. Bean 
cells Incubated at sorbitol concentrations below 0.44 M and tomato cells 
below 0.55 M showed low rates of CO2 fixation (Colman and Mawson, 1978). 
Along these same lines, Aono et al. (1974) showed that deplasmolysls of 
spinach cells In solution below 0.6 M mannltol caused a decreased photo-
synthetic oxygen evolution. Paul and Bassham (1977) observed that enzym-
atlcally Isolated Papaver leaf cells went througjh a "stress-response" 
period Immediately following isolation. They suggested that the rigors 
of digestion coupled with the radical changes In the cell's environment 
most probably caused the observed shift from photosynthesis to a respira­
tory type of metabolism. This "stress-response" period, which lasted 
for approximately 20 hours, was gradually overcome by the cells as they 
returned to a metabolic state strikingly similar to that of Intact leaf 
tissue. 
In considering the long-term maintenance and cultivation of intact 
soybean leaf cells, it would be desirable to develop a method that did 
not require exogenous enzymes and solutions of hig|h osmotic potential. 
This prompted attempts to find an alternate means of separating mesophyll 
cells. 
The mesophyll cells from some plants can be released from leaf tls-
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sue by gentle grinding (Gnanam and Kulandalvelu, 1969; Edwards and Black, 
1971; Oliver et al., 1979). These photosynthetlc tissues often lend 
themselves to mechanical Isolation (Julllen and Rossini, 1977). This Is 
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especially true of cells of the aerenchyma tissue which have strong cell 
walls and a small area of Interface with adjacent cells (Colman et al., 
1979). 
Mesophyll cells Isolated by grinding leaf tissue also have been 
reported to have lowered ratios of photosynthesis (Gnanam and Kulandal­
velu, 1969; Rouhanl et al., 1973). Further evidence for cellular damage 
occurring during mechanical Isolation was reported by Racusen and Âronoff 
(1953) who first successfully Isolated soybean leaf cells by mild grind­
ing. While these cells were capable of fixing COg at a rate correspond­
ing roughtly to one-fifth that of a normal leaf, there were vast differ­
ences In their ability to synthesize proteins. Oliver et al. (1979) 
also observed a somewhat depressed photosynthesis rate from soybean meso­
phyll cells Isolated by gentle grinding. Microscopic analysis of the 
cell preparation revealed that the majority of the cells had Intact 
plasmalemmas and contamination of the preparation by chloroplasts was 
minimal. In each of the above cases, the cells were Isolated Into some 
type of osmotic solution which may account for some of the metabolic 
alterations. This Is supported Indirectly by evidence presented In Table 
34. Cells from soybean leaf tissue ground and washed In various growth 
media, with osmotlcum added, did not survive mechanical Isolation. 
Intact, tissue free cells ground and washed In solutions of low osmolal-
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Ity (water and CFW salt solution) showed better initial survival. How­
ever, evidence presented in Figure 24 strongly suggests that some type of 
cellular damage may be occurring as a result of the physical rigors of 
mechanical grinding. 
While mechanical grinding of leaf tissue by means of a smooth mortar 
yielded many viable cells, it proved to be quite rigorous for other cells 
as was evidenced by the liberation of chlorophyll, plastlds and other 
subcellular debris. In this case, the Intact cells proved to be less 
stable and viability deteriorated during subsequent cultivation. The 
isolation of mesophyll cells by mechanically beating leaf tissue with a 
Teflon stir bar also provided an abundance of both palisade and spongy 
mesophyll cells in the viable state. When compared, the degree of separ­
ation afforded by Teflon bar beating was found to be similar to that of 
grinding (Table 36). However, the cells Isolated by beating were found 
to be stable when maintained in conditioned B5 and capable of expansion, 
division, and proliferation as suspension and callus cultures. 
The reasons for this difference in recovery and survival are 
unknown. The hand-driven grinding action tends to compress as well as 
shear the leaf tissue and cells to a considerable degree. On the other 
hand, the beating action of the Teflon coated magnetic bar appears to 
mechanically separate cells from the tissue with less pressure and shear­
ing. The bar weighs 7.2 grams and as it bounces about it tends to hit 
the tissue by the smooth ends, which may result in limited crush zones 
while loosening the intracellular connections. This is in good agree-
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ment with Schwenk (1980) who successfully Isolated and cultivated cells 
from soybean cotyledons using a "vortex Impenger." This technique also 
reduces the application of direct pressure on the cells. 
Previous work with the recovery of protoplasts derived from meso-
phyll tissue of various plants provided Information about how to proceed 
with Intact cells. Kartha et al. (1974a) achieved up to 40% division in 
cells from fully expanded leaves of one month old rape plants. The neces­
sity of using plants at the correct stage of development was emphasized 
by Watts et al. In 1974. They were successful In obtaining divisions In 
cells from the largest and second largest leaves of 40 to 60 day tobacco 
plants. Davey et al. (1974) observed 30-40% division from regenerated 
cells when they used the paired, simple leaves of 8-10 day cowpea plants. 
Von Arnold and Eriksson (1976) reemphasized the apparent necessity in 
using leaves from pea plants at the correct stage of development. They 
found that protoplasts derived from leaflets of different ages did not 
survive well after 24 hours of Incubation. On the other hand, when care 
was taken not to mix leaves of different ages, the survival was much 
improved. This observation is confirmed to a certain degree by the evi­
dence present in Table 35. Cells taken from soybean primary leaves, and 
first trifoliate leaves did not survive for 48 hours. Tissue-free cells 
isolated from leaves of mixed ages, but taken from the same plant, also 
failed to survive the incubation period. Leaves from the second, fully 
expanded and third partially expanded trifoliates survived for 48 hours 
in growth medium. 
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The reasons for this difference in cell survival is not clear. Von 
Arnold and Eriksson (1976) speculate that leaves of different ages might 
produce dissimilar substances or various amounts of the same substance 
lAlch might have an injurious effect on protoplasts. This injurious 
effect can be observed within 48 hours as Increased mortality. 
The ability to grow Isolated plant cells or protoplasts under con­
ditions that allow all cells to divide and to form a tissue has not yet 
been possible. The reasons for this may be quite complex. Torrey (1957) 
pointed out that there are at least three causes of failure: (a) damage 
done to the cell during the isolation procedure, (b) natural abnormali­
ties in the nuclear makeup of some cells that render them incapable of 
division and (c) a terminal differentiation of the cells In such a way 
that not all divide under the same conditions. The mere loss of assoc­
iation with other cells or cell products may also cause a delay or block­
age of the expression of division capability. These do not appear to be 
Insurmountable obstacles. Puck (1957) and Puck et al. (1958) have demon­
strated that mammalian cells, which can tolerate only very limited 
departures from certain environmental conditions, can be grown with a 
high efficiency. 
Attempts were made to grow the isolated soybean leaf cells on var­
ious plant culture media. The approach used was to maintain freshly 
Isolated cells in media which have proven useful for the recovery of 
protoplasts and the growth of leaf expiants or suspension cultures. 
Isolated cells spread directly on semi-solid agar medium of Murashige-
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Skoog (Murashlge and Skoog, 1962) and the high rooting medium (HEM) of 
Evans et al. (1977) failed to divide. Cells maintained In Kao's proto­
plast medium (Kao, 1977) also failed to survive (Table 37). Supplementa­
tion of this medium with mannltol osmotlcum did little to Improve the 
survival. However, a few cells survived for 72 hours when they were 
maintained In B5 medium (Gamborg et al., 1968). This medium was designed 
for the cultivation of soybean cells In suspension. 
The difficulty In getting Isolated cells to grow at low population 
densities may be caused by excessive diffusion of metabolic Intermediates 
from the cells Into the medium. This would result In a dilution of these 
Intermediates within the cell to a level below that required for survival 
(Ham, 1973; Kao and Mlchayluk, 1975). 
Mulr et al. (1954, 1958) were first to establish clones of callus 
tissue from single cells. Their method Involved providing nourishment 
to single cells placed upon a filter paper raft resting on a piece of 
nurse callus tissue. It has long been known that a liquid medium which 
has previously supported the growth of a cell population Is often capable 
of allowing the Initiation of division in a new culture that is inocu­
lated well below the critical density required for fresh medium (Stuart 
and Street, 1969). This suggests that an enrichment of the medium may be 
taking place due to the release of beneficial factors by the initial con­
ditioning culture. This has been supported to some degree by Kao and 
Mlchayluk (1975). These workers found that supplementation of culture 
medium with casamino acids and coconut water provided many metabolic 
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Intermediates necessary for cell growth at low population densities. 
Preconditioned medium may also supply these essential metabolites In 
such a way that loss from the cells Is no longer a critical factor. 
In addition to the release of metabolites Into the medium; the 
conditioning cells may act to detoxify or otherwise modify components of 
the medium, Including growth factors, so as to provide an environment 
more conducive to cell recovery. This Is supported by the findings of 
Scott et al. (1978) who found It necessary to preculture barley mesophyll 
protoplasts on conditioned hormoneless medium before division took place 
on defined medium containing growth factors. 
There was little loss of living cells from suspensions maintained 
In preconditioned B5 medium, tfost of these losses occurred during the 
first 24 hours (Figure 24). This period corresponds rougjhly to the 
stress-response period described by Paul and Bassham (1977). It Is 
probably during this period that the cells adjust to a more Independent 
mode of existence. Following this Initial recovery phase, lasting about 
24 hours, the surviving cell population appeared to be quite stable with 
little further loss. The cells that adjusted underwent growth by expan­
sion similar to that described by Vasll and Hlldebrandt (1967) for Iso­
lated tobacco cells and by Schwenk (1980) for separated soybean cotyl-
edonary cells. Part of the cell population (40%) underwent division and 
formed procalll In suspension. Once the cells recovered sufficiently In 
the conditioned medium they were passed to fresh medium where division 
and callus formation continued. This observation supports the concept 
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that a certain minimal physiological state of the cells and a particular 
minimum range of cell concentration must be present for growth and callus 
formation. 
The plating efficiency of procalll on MS medium was found to be 
quite low. This may be a result of the relatively low cell densities 
plated. Plating at other densities was not tested. 
Cell colonies formed from the leaf cells could be transferred to 
fresh nutrient medium for further growth and multiplication. This con­
firms the idea that a differentiated non-meristematic plant cell can be > 
Induced to divide and grow when isolated as a single cell when placed in 
an artificial environment (Usui and Tafcebe, 1969). It may be that separa­
tion of cells from the tissue has induced division and growth as is the 
case for non-apical cells of fern protonema (Ootaki and Furuya, 1969). 
Alternately, some nutritional or other factors present in the artificial 
media may be responsible for inducing division and growth which may 
occur irrespective of whether the cell is separate or incorporated into 
tissue. This idea is supported by the fact that small expiants of soy­
bean leaf tissue, placed on suitable agar medium, form callus and even 
roots. 
Attempts to culture the cells and colonies directly on HSM (high 
rooting medium of Evans) medium failed. This is surprising in li^ t of 
earlier studies using leaf blade expiants which readily formed calli and 
roots on this medium. 
Totipotency of higher plant protoplasts was first demonstrated in 
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Nlcotlana tabacum by Takebe et al. (1971) and Nagata and Takebe (1971). 
In many species shoot and root differentiation can be Induced In proto­
plast-derived callus tissue with the help of auxins and cytoklnlns 
(Vasll and Vasll, 1980). Previous dlallellc growth factor studies demon­
strated to us that some degree of regeneration of stem tips was most 
prevalent In the lower concentration ranges of 2,4-D and klnetln. Cells 
and calll derived from leaf mesophyll tissue behaved In much the same 
way when spread on MS agar containing varying amounts of growth regula­
tors. The cultures did not grow In media deficient In klnetln. Rela­
tively small amounts of the growth regulators encouraged callus and root 
growth. This provides evidence that Intact cells from soybean leaf tis­
sue retain some of their morphogenlc capacity when cultured as individual 
units. This observation has been recently confirmed by Schwenk (1980) 
who obtained adventitious root formation on callus derived from isolated 
cotyledonary cells. It is interesting to note that the growth factor 
concentration range most effective for bringing about regeneration of 
stem tips corresponds rather well with the range that was found to be 
most effective for root organogenesis in leaf cell cultures. 
278 
GENERAL DISCUSSION AND CONCLUSIONS 
In order to utilize the full potential of plant tissue culture 
techniques for selection and plant breeding studies it will be necessary 
to regenerate plants from single cell isolates. Ideally, the first step 
would be to procure in vitro cultures of tissue which can be induced to 
undergo morphogenesis and regenerate whole plants. Numerous attempts 
have been made to accomplish this for maize and soybeans. In general, 
these attempts have not been encouraging. However, the literature has 
provided an indication of the complexity of factors that are involved. 
Some of these factors include: 1) regulation of morphogenesis by growth 
factors; 2) the physiological state, age and developmental stage of the 
plant from which the expiant tissue is taken; 3} the genetic background 
of the parent plant, and 4) the physical factors under which the plant 
and tissues were grown. 
In this study attempts were made to obtain regenerating cultures of 
both com and soybean. Even thou^  these two groups are taxonomically 
quite far apart, this study has uncovered some interesting similarities 
relating to in vitro growth responses. Expiants from both plant types 
require exogenously supplied growth regulators to grow and become estab­
lished as tissue cultures. However, relatively low concentrations of 
these exogenous regulators markedly influence the subsequent growth 
response in each case. This seems reasonable in light of the fact that 
the expiant is most likely also responding to regulators produced endog-
enously by the tissue Itself. 
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The majority of tissues taken from developed com and soybean plants 
either formed callus or root-organ cultures vitro. These cultures 
were found to be Incapable of further differentiation under the growth 
regulator alterations and other environmental conditions tested. 
This is exemplified by com tissue explanted from developed embryos, 
coleoptlllar nodes and growing points of developed plants. These tissues 
typically formed rhlzogenlc masses of callus tissue, abortive leaf frag­
ments, or whole plants depending on the location from which the expiant 
was taken. The pattern of in vitro development appeared to be quite 
polar with respect to the parent plant. Stem tissue, or nodal tissue 
from the root or stem end, formed masses of rhlzogenlc tissue which 
showed no indication of shoot formation under the conditions tested. 
Tissue from the leaf end of the node typically underwent expansion fol­
lowed by necrosis. No callus or adventitious rooting was observed for 
this type of tissue. In the case of transverse sections through the 
coleoptlllar mid-nodal region, complete plantlet regeneration was poss­
ible apparently because both stem and shoot meristem tissues were pres­
ent as a unit which continued to grow and produce adventitious roots. 
It appears that the first step In procuring a reliable regenerating 
culture system will be to develop a means of circumventing predetermined 
characteristics of this type of tissue. 
One exception in predetermined development of com tissue appears to 
be embryonic scutellar tissue from inbred variety Â188 (Green and Phil­
lips, 1975). This tissue responded to cultivation in an entirely differ­
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ent manner. Scutellar expiants appear to transcend the typical root 
organ stage and propagate as a dense callus-like mass capable of under­
going shoot merlstem development. 
The actual age of the scutellum at the time of explantatlon was 
found to have a bearing on subsequent In vitro growth patterns. The data 
presented Indicate that beyond a certain stage of development (18 days 
post pollination) this type of tissue can no longer form differentiating 
centers, but once again eidilblts the root organ response of more devel­
oped com tissues. 
It has been suggested that the basis for this in vitro proliferation 
is a continued activity of an already active tissue rather than the 
Induction of Increased mitotic activity in a tissue of a low cell divi­
sion rate (Springer et al., 1979). The ability to form shoot meristems 
in older expiants may be lost as a result of decreased cell division and/ 
or other developmental changes. The fact that multiple apical meristems 
continue to form on subcultures of this tissue three years after the 
Initial expiant was taken, suggests that the centers arise as a result of 
tissue propagation and not as the continued growth of a preformed unit 
such as the embryo. This observation raises some interesting points. In 
this study It was found necessary to serially transplant expiants which 
were large enou^  to contain organized centers for successful continued 
propagation of regenerating tissue, suggesting that the new meristems 
may be forming as a result of tillering or branching of preformed centers. 
Recently, Springer et al. (1979) found that organized centers formed at 
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the periphery of developed shoot Initials. This observation led Springer 
et al to conclude that the apical merlstems developing from cultured 
scutellar tissue were forming "de novo." The observation that plantlets 
originate from definite organized regions of the tissue also suggests a 
multicellular origin for the regenerating shoots. In this sense the tis­
sue originating from embryonic scutellar expiants can not be considered 
to be true "callus" cultures but may actually represent the generation 
and propagation of an organized set of tissues (Springer et al., 1979). 
C. E. Green, In a recent seminar (Iftilverslty of Minnesota, 1981) 
confirmed the observation that multicellular centers, containing cells 
with Increased mitotic activity, develop near the surface of the scutel­
lar tissue. Continued development of these centers gives rise to embryo-
like structures which, in auxin-free medium, are fully capable of devel­
opment into plantlets. Therefore, in this sense such embryonic tissue 
can be considered to be embryogenlc when propagated in culture. 
Until further information is available, the precise origin and 
sequence of development of these differentiating cultures will remain 
uncertain. One question would be — how small of a tissue piece would 
still exhibit a totipotent response, i.e., how far could one subdivide 
the tissue (and any possible organized units) into smaller fragments, 
eventually arriving at single cells? Attempts to accomplish this by 
mechanical means led to fragments which did not develop differentiating 
centers, but rather grew as rhlzogenlc callus masses. This pattern 
remained unaltered even when the tissues were maintained on reduced or 
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auxin-free medium. 
While protoplasts can be obtained from cultured scutellar tissue by 
the same enzymatic methods as were used for leaf tissue, there is no way 
of assuring that these protoplasts are coming from the differentiating 
centers. The yield of such protoplasts is low and may be too low to 
initiate growth using standard plating techniques. 
Some encouragement has come from the finding that protoplasts from 
leaves of com plants regenerated in culture may be maintained in a viable 
state for extended periods of time. However, since no division has taken 
place in these cultures, the possibility of growing tissues or plants 
from this type of material is only speculative. 
To a certain degree the morphogenesis of cultured scutellar tissue 
can be regulated by the amount of 2,4-D incorporated into the growth med­
ium. While some 2,4-D must be present for continued growth and organized 
center formation, the presence of this growth regulator inhibits develop­
ment beyond the one or two leaf stage. It appears as though the auxin 
must be present to initiate the morphogenic process, i.e., the formation 
of root and shoot primordia. Once these primordia are formed a reduction 
in exogenous growth regulator is necessary for further plantlet develop­
ment. Whether all of the primordia for the com plantlet are formed as 
the result of growth in maintenance medium (medium with auxin present) 
or if a reduction in growth regulator is necessary for some of the organ 
primordia to form remains a question. This question also will have to 
await further investigation at the tissue and cellular level. 
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No such reliable plant regenerating system is known in soybeans. 
Stem intemodes, roots, and eplcotyl sections typically form callus tis­
sue in culture, while expiants of young pods, leaves and developing stamr 
ens form callus capable of root organogenesis. 
The rhizogenic callus tissue that infrequently grew at the cut ends 
of explanted stamen develops from filament tissue and not from the anthen 
This somatic type of callus growth was more frequent when the anther was 
not detached from the filament. It is tempting to speculate that the 
anther in some way aids in tissue development vitro, but it is also 
conceivable that the removal of the anthers further damaged the filament 
tissue causing a decrease in capacity to initiate growth In culture. 
As was the case with com tissue, the developmental stage of the 
expiant had a marked Influence on the type of jji vitro growth response. 
Filaments from mature stamen failed to form callus tissue, but the pollen 
grains from these older anthers frequently germinated and formed pollen 
tubes. 
Explanted tissue from developing green pods also formed rhizogenic 
callus when cultured. It is apparent from the data presented that pod 
expiants from certain species and strains tend to form roots in culture 
better than do others. This suggests that there may be a genetic basis 
for rhizogenic growth capacity in culture. However, the pods of the 
various varieties and species are physically different (some are tougjher 
while others are quite fleshy). This difference may account for the 
characteristic growth responses. In the case of pod tissue, there also 
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appears to be an optimal developmental stage for root formation in cul­
ture. However, the low frequency of adventitious root formation makes 
this difficult to accurately assess. 
Classically flower parts and fruits have been considered to be homo­
logous to leaves (Steeves and Sussex, 1972; Esau, 1977). Since Evans 
et al. (1977) showed that soybean leaf expiants readily formed rhizogenic 
callus tissue in culture, the in vitro root organogenesis in both stamen 
filaments and pod tissues was not entirely unexpected. 
For each of the tissues discussed above, morphogenesis did not pro­
ceed beyond the root organ stage. As with the com tissue expiants, 
these tissues taken from mature cultivated soybean plants appear to be 
incapable of forming shoot primordia under the culture conditions tested. 
Unlike many plants that can be regenerated from cultured tissue, success­
ful shoot formation and development seems to be a feature of the plant 
part used and not a result of altering culture conditions such as exogen­
ous growth regulator concentrations. Since the ultimate goal was to 
obtain a source of cultured tissue capable of complete morphogenesis, 
attention was turned to tissues which might have some potential for con­
tinued growth and shoot formation in culture. 
Stem tip expiants taken from flower-setting, noncultivated wild 
species of soybeans frequently underwent complete plantlet regeneration 
in culture conditions where exogenous growth regulator concentrations 
were controlled. Most of the organized growth occurred when relatively 
low concentrations of kinetin and 2,4-D were used in the medium. Higher 
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concentrations of 2,4-D In the growth medium promoted callus growth at 
the expense of organized tissue growth. The findings from these studies 
provided the basis for designing further Investigations Into the regener­
ation of cultivated (Glycine max) varieties. 
Unlike the situation with the wild soybean species, apical stem 
expiants from mature G. max plants failed to regenerate Into plants under 
any of the growth conditions tested. Since the work with corn Indicated 
that tissues from younger developing plants (seedlings and embryos) mlgjht 
be more amenable to to vitro cultivation and morphogenesis, apical cut­
tings from freshly sprouted soybean seedlings were challenged. These 
expiants Include an organized apical merlstem which Is potentially cap­
able of giving rise to all of the plant's structures, therefore, a shoot 
merlstem Is already preformed at the time of explantatlon. However, the 
growth of seedling apices under the Influence of various artificial cul­
ture conditions has provided much Inslgjht Into the nature of exogenous 
growth regulator Interactions as they Influence ija vitro morphogenesis in 
soybeans. 
Both auxin (2,4-D) and cytoklnln (kinetln) were necessary for opti­
mal growth and morphogenesis of tip expiants from aseptically germinated 
soybean seeds. However, as with the maize cultures, relatively low con­
centrations of growth regulators greatly influenced the ^  vitro growth 
pattern of these tip expiants. A high kinetln to 2,4-D ratio favored 
shoot expansion and plantlet formation. Increasing concentrations of 
2,4-D tended to inhibit organized tissue growth and favor callus forma-
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tlon. This pattern could not be reversed by Increasing the exogenous 
klnetln concentration. As was the case with com scutellar tissue cul­
tures, adventitious root development and complete plantlet regeneration 
required a reduction of the 2,4-D In the medium. 
Culture filtrates from various fungal cultures are known to be 
strongly cellulytlc and are capable of solublllzlng native cotton fibers 
(Selby and Maltland, 1967). Many of these crude enzymatic preparations, 
derived from cultures of pathogenic organisms, are commercially avail­
able and are quite efficient In degrading the complex polysaccharides of 
plant cell walls (Bateman and Basham, 1976). 
Numerous attempts were made to enzymatlcally release protoplasts 
from leaf mesophyll cells. Unlike com leaf tissue, soybean leaf cells 
are resistant to the commercially available enzymes. 
Enzymatic digestibility was not significantly Improved by subjecting 
the cell walls to chemical treatments designed to alter the bonding or 
actually extract various molecular components of the cell wall. Although 
llgnln has not been reported to be present In leaf cell walls. It has 
been described In cell cultures and In other soybean plant structures 
(Nelson et al., 1950; Knobloch and Hahlbrock, 1975). Subjecting mesophyll 
cells to prolonged llgnln extraction (Jemyn and Isherwood, 1956) failed 
to Improve the results of cellulase treatment. 
The extraction procedure used in this study was not meant to be 
esdiaustive, but rather designed to determine the reasons for enzyme resis­
tance. It is conceivable that subtle differences in the molecular struc­
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ture of soybean leaf cell walls have evolved which serve to protect the 
living cell from attack by pathogenic fungi. Elucidation of these dif­
ferences will have to await future studies at the molecular and chemical 
levels. 
Some encouragement for the possibility of isolating soybean leaf 
protoplasts comes from the studies on crude enzyme extracts from cultures 
of saprophytic organisms. When concentrates of these cultures were used 
in combination with various commercial enzymes, mesophyll cell walls were 
gradually digested. However, the efficiency of this system was not such 
that it would be useful for isolating viable protoplasts. 
The failure to derive protoplasts from leaf mesophyll cells prompted 
a search for alternate techniques of isolating living cells from soybean 
plant tissue. Two methods of accomplishing this were developed; A) pro­
toplasts were derived enzymatlcally from pod tissue, and B) intact meso­
phyll cells were mechanically isolated from leaf tissue. 
Of the soybean tissues which showed some degree of organogenesis in 
culture, only Immature green pod tissue yielded sufficient numbers of 
protoplasts to pursue isolation, survival, regeneration and tissue dif­
ferentiation studies. For the most effective protoplast release cellu-
lase worked best if it was applied in conjunction with Macerozyme. Mix­
ing the two crude enzymes in one treatment caused loss in protoplast 
recovery especially during prolonged Incubation periods. However, If 
the Macerozyme was used prior to the cellulase, less protoplast loss 
occurred. Since no protoplasts were released during Macerozyme treat-
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ment, this enzyme may act to open Intracellular access for the cellulase 
which In turn digests the cell walls and releases the living protoplasts. 
Since the cells of the outer epidermis, hypodermls and the scleren-
chyma cells that make up the several layers of the endocarp all have 
thickened cell walls. It Is most probable that the pod protoplasts are 
originating from the mesocarp parenchymal layers. Cells composing these 
layers have thin cell walls and vary greatly In size (Carlson, 1973; 
Esau, 1977). This size variation may account for the surprising size 
range of the released protoplasts. 
Preconditioning pod tissue In growth medium prior to protoplast Iso­
lation reduced the yield from that of using fresh tissue. Certain 
dibasic amino acids. Including arglnlne, are known to retard the cata-
bollc processes that cause senescence of excised leaves (Sawhney et al., 
1977). In the case of pod tissue If the preconditioning medium contained 
arglnlne a slightly higher yield resulted compared to that of tissue pre­
conditioned In medium without arglnlne. 
The mechanism by which arglnlne works as "senescence retardant" has 
been attributed to 4 general effects. First, It could exert a direct 
effect on the cell membrane, affecting fluidity, and permeability. 
Secondly, it could have an effect by inhibiting nucleases, proteases, or 
other degrative extracellular intracellular enzymatic activity. Thirdly, 
arglnlne and other dibasic amino acids may inhibit autocatalytlc or other 
processes which decrease the resistance of cell walls to cellulase diges­
tion, thereby allowing Increased yields of protoplasts. A fourth postu­
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late is that diamines stabilize nucleic acids and rlbosomes In plant 
and other cellular systems (Sawhney et al., 1977). 
Recovery and subsequent growth of the Isolated pod protoplasts were 
found to be quite similar to that described for other systems (Kao et 
al., 1970). The Initial recovery phase Is cell wall regeneration. Prior 
to this phase the protoplasts are fragile and must be protected by a 
suitable osmotlcum or growth medium. Evidence Is presented that Indi­
cates that cell wall regeneration begins shortly after Isolation. In 
four days time the walled cells commence to divide, and either 
liquid suspension cultures or solid tissue cultures can be Initiated. 
Suspension cultures closely follow the growth patterns described for sus­
pensions of Other plant cells (Street and Henshaw, 1963). If the cells 
from established cultures are spread on a suitable nutrient agar medium, 
small procalll develop Into larger calll. Infrequently these calll form 
numerous adventitious roots similar to the responses of pod tissue 
expiants from which they were derived. This observation suggests that 
the Information necessary for root organogenesis Is retained by the Iso­
lated plant cells. This capacity for rhlzogenesls Is expressed only upon 
the regeneration of a callus mass. However, as with pod tissue expiants, 
no further morphogenesis or shoot formation occurred. 
Another method of Isolating viable soybean cells from plant organs 
Is to separate Intact mesophy11 cells from leaf tissue (Schwenk, 1980). 
This can be done either enzymatlcally or mechanically. While enzymatic 
treatments gave good yields,many of the cells were In poor condition and 
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did not recover to form cultures. Mechanical Isolation procedures offer 
certain advantages over enzymatic methods. There was no necessity to 
expose the cells to high osmotic concentrations and to enzyme solutions 
of unknown composition. 
The soybean leaf structure, unlike that of com, Is such that the 
cells are readily separated by either grinding the tissue in a mortar or 
beating the tissue with a Teflon bar. Althou^  both methods give satis­
factory yields of single cells, the physical mortar grinding of the tis­
sue apparently injures the cells in such a way as to greatly reduce sub­
sequent recovery. This Injury may be caused by the compression of the 
cells between the sides of the mortar and pestle as the tissue is being 
ground. Intact cells Isolated by the Teflon bar beating method survive 
and recover In culture. Possibly due to the nature of the beating action 
less cellular Injury occurs. 
Separated leaf cells appear to be sensitive to the higjh osmotic con­
ditions necessary for the survival of pod protoplasts. In the case of 
Intact cells, the cell wall possibly protects the protoplast from the 
detrimental swelling and bursting that plagues naked cells upon release. 
As was discussed previously, differentiated corn leaf tissue does 
not fare well in culture. Protoplasts enzymatlcally Isolated from this 
tissue also appear to be unable to divide and reform tissue at least 
under the conditions tested. In contrast soybean leaf tissue readily 
grows in culture and often undergoes root organogenesis. The ability of 
this tissue to grow and differentiate in vitro is also expressed in the 
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Individual cells separated from It. 
The use of medium preconditioned by other growing cells was found 
to be essential for the recovery and growth of the separated leaf meso-
phyll cells. The exact nature of the conditioning process is presently 
not known. However, following a brief recovery period in conditioned 
medium the cells could be safely passed to a defined growth medium where 
they underwent division and callus formation. As was the case with the 
pod protoplasts, many of the calli formed from leaf cells formed adven­
titious roots In culture. This again demonstrates the capacity of these 
separated intact cells to retain the potential for root organogenesis. 
In conclusion, this study has provided some inslgjht into the in 
vitro growth behavior of both maize and soybean tissues. In these plant 
systems the growth pattern is Influenced not only by the source, age, 
genetic and physiological background of the expiant, but also by inter­
action of exogenous growth regulators Incorporated into the medium. Con­
tinued studies along these lines could provide useful methods of vegeta-
tively propagating iiq>ortant lines of crop plants, as well as providing 
a reliable source of tissue capable of organogenesis, embryogenesls, or 
complete morphogenesis. Techniques have also been developed for isolat­
ing viable protoplasts from cultured com tissue and soybean plant tis­
sue. Here success depends upon the type of tissue used, as well as the 
method of enzymatic treatment. Com protoplasts from culture derived 
leaf material can be maintained without division, while soybean proto­
plasts from pod tissue will fully regenerate in culture and undergo some 
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degree of organogenesis. 
Intact whole mesophyll cells can also be separated from soybean 
leaf tissue by mechanical means. Like pod protoplasts, these separated 
cells can be grown In culture and are fully capable of a limited degree 
of organogenesis. 
The ability to separate and handle these plant cells as individual 
units makes it possible to apply many microbiological techniques to 
hlgiher plants. Future studies using these and other recently developed 
techniques may make it possible to directly apply plant tissue culture 
to productive crop improvement. 
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APPENDIX A 
Plant Tissue Culture Media 
Conditioned B5 (CB5) 
Suspension cultures of cells derived from soybean pod protoplasts 
were grown for 4 days In 50 ml of B5 Medium supplemented with 1% coconut 
water. The cultures were maintained on a reciprocal shaker (60 cycles/ 
minute) at 20°C. At the end of the Incubation period, the contents were 
poured through a 64fm screen. The fluid portion that flowed through the 
screen was collected, resterlllzed by filtration (0.45pm Mllllpore 
Membrane), and stored frozen until needed. 
Cell/Protoplast Wash (CPW) 
A modification of the salt solution of Frearson et al. (1973) devel­
oped In the Department of Botany, Unlverlsty of Nottingham, England, by 
J.B. Powers, E.G. Cocking, and M.R. Davy, and has the following compo­
sition In mg/1; KH2PO4 27.2, KNO3 101, CaCl2'2H20 1480, MgS04'7H20, KI 
0.16, and CuS04«5H20 0.25. This salt solution was buffered with 20mM 
(3.9 g/1) MES (2 [N-Morphollno] ethane sulfonic acid). The pH of the 
buffered salt solution was adjusted to 5.6 and the solution was filter-
sterilized (CPW MES). 
Z Medium for com protoplasts 
Component mg/1 Component mg/1 
Macronutrlents 
1,000 NaH2P04.H20 310 
1,463 
493 
(NH4)2S04 330 
Micronutrlents 
MnSO.•H2O 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4•5H2O 
CoCl2'6H20 
1.36 
0.58 
0.024 
0.033 
0.024 
FeSO^ 
EDTA 
H3BO4 
KI 0.83 
8.31 
0.37 
0.19 
Vitamins and Amino Acids 
Glycine 
Asparaglne 
Glutamine 
Serine 
7.7 
1.98 
Pyridoxine'HCl 
Niacin 
Thiamine«HCl 
CaPantothanate 
0.25 
1.3 
0.25 
0.25 
3000 
100 
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Component mg/1 Component mg/1 
Vitamins and Amino Acids 
Folic Acid 0.2 Ascorbic Acid 1.0 
PABA 0.01 Vitamin A 0.005 
Blotln 0.005 Vitamin D, 0.005 
Choline"CI 0.5 Vitamin 0.01 
Riboflavin 0.1 Inositol 100 
Sugars 
Glucose 125 Mannose 125 
Sucrose 125 Rhamnose 125 
Fructose 125 Celloblose 125 
Rlbose 125 Sorbitol 125 
Xylose 125 Mannltol 125 
Organic Acids 
Na Pyruvate 5 Malic Acid 10 
Citric Acid 10 Fumaric Acid 10 
Supplements 
Casamino Acids 125 Soluble Starch 50 
Yeast Extract ' 25 
Osmotic Adjustments - Normal Z Medium gr/100 ml 
Sucrose 1.99 
Sorbitol 3.59 
Mannltol 3.59 
Z. Medium 
Sucrose 1.49 
Sorbitol 2.70 
Mannltol 2.70 
A^ Medium 
Sucrose 2.49 
Sorbitol 4.49 
Mannltol 4.49 
Medium 
Murashlge - Skoog (MS) 
Green 
High Rooting Medium (HBM) 
B5 
Kao's Protoplast Medium 
Hoagland Nutrient Solution 
Servaltes and Ogren 
Peberdy's Salt Solution 
Reference 
Murashlge and Skoog, 1962 
Green et al., 1974 
Evans et al., 1977 
Gamborg et al., 1968 
Kao, 1977 
Gamborg and Wetter, 1975 
Servaltes and Ogren, 1977 
Peberdy, 1979 
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APPENDIX B 
Commercial Enzymes Used to Break Down Plant 
Tissue and Release Cells and Protoplasts 
Name 
Pectlnase 
Macerase 
Macerozyme R^^^ 
Rohamet P 
Cellulase 
Cellulase 
Cellulysln 
Drlselase 
Commercial source; microbial source; main 
enzymatic action/substrate; extaaporoneous 
enzymatic action; type of enzymatic action. 
Sigma; Aspergillus nlger; polygalacturonlc 
acid (pectin); some cellulase; maceration, 
enzyme. 
Meljj Selka Kalsha Ltd.; Trlchoderma vlrlde; 
pectin; cellulase, glucanase; maceration 
enzyme. 
Calblochem; Rhlzopus sp.; pectin; unknown; 
maceration enzyme. 
Yakult Blochemlcals; Rhlzopus sp.; pectin; 
hemlcellulase; maceration enzyme. 
Rohm GmbH; pectin glycosldase; maceration 
enzyme. 
Calblochem; Aspergillus nlger; cellulose; 
celluloslc enzyme. 
Slgpa; Aspergillus nlger; cellulose; heml-
cellulose; celluloslc enzyme. 
Calblochem; Trlchoderma vlrlde; cellulose; 
protease, hemlcellulase, amylase; celluloslc 
enzyme. 
Kyowa Hakko Kogyo Co., Ltd.; Basidlomycetes; 
cellulase; pectlnase, laminarInase, xylanase, 
amylase; celluloslc enzyme. 
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Yakult Blochemlcals; Trlchoderma vlrlde; 
cellulase; pectlnase, hemicellulase; 
celluloslc enzyme. 
Rohm and Haas Co.; Rhlzopus sp.; hemlcellulase 
unknown; hemlcelluloslc enzyme. 
Sigma; Aspergillus nlger; non-celluloslc 
polysaccharides; some cellulase; hemlcellu­
loslc enzyme. 
